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THE BEGINNINGS OF HUMAN HISTORY READ 
FROM THE GEOLOGICAL RECORD: 
THE EMERGENCE OF MAN’ 


By Professor JOHN C. MERRIAM 


UNIVERSITY OF CALIFORNIA 


S now interpreted history means nothing if 
A present connected series in which every part contributes 
somewhat to the interpretation of all other parts or is in turn 
interpreted by them. Features of contrast may serve as mark- 
ers for stages of movement and degrees of change, but the 
essential interest of the subject is embodied i > idea of con- 
tinuity or unity. 

The concept of evolution as we use it in science is only an- 
other form of expression for continuity in historic series pre- 
senting sequences of apparently different elements. It repre- 
sents the idea of growth. It involves rate of development and 
nature of the forces controlling it. It interprets present condi- 
tions in terms of the past, and furni ishes to some extent a basis 
of cal “ lation for prediction of the future. 

In the preceding lectures of this series your at 
been Pst ed out over the stellar world, and 
through certain evident transitions by which i 
have been reached. The earth which we inhabit 
shown to you shaping into its present form, 
world upon it has been passed in review t} 
evolutionary changes leading up 
iated, and relatively com mp plicated 


n has also bee 
nh Nas aiso oeen § 
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While the passage from stellar to geologic evolution has cop- 
sisted mainly in narrowing of view to special processes, 
troduction of an organic or life sequence has involved a pn 
difficult transition, seeming superficially of a qualitative + 
and presenting one of the great problems barring our way te 
full interpretation of nature. 

Considering the evident physico-chemical and _ biologica) 
characters of man, resembling those represented in the genera 
scheme of animal evolution, and taking these characteristics 
together with man’s relatively advanced stage of intelligen 
and constructive ability, it has been natural to think of th 
human organism as the next member of a graded series beyond 
the stage seen in biological or paleontological history. This 
might of course be done without assuming relationship between 
man and nature. It is, however, logical to inquire whether 
there is not actually full continuity between the biological world 
and the distinctly human sphere. As humans, no problem 
greater fundamental significance faces us in contemplation of 
the historical or origin sequence in nature. 

At a time when our world has just emerged from a confi 
involving the making of history of unexampled significance, it 
may seem that consideration of the beginnings of our stor) 
might well wait upon better opportunity for such luxury 
speculation regarding an unchangeable past. This view 
might well hold were it not clear that future world adjust- 
ments, brought immediately before us by the present crises, 
involve many heretofore little-heeded factors, among which are 
included those biological aspects of human life and social or- 
ganization striking their roots down to the lowest strata 
history. 

Every nation with a clear vision now realizes that with th 
widely differing peoples of the earth brought in immediate 
contact by modern rapid transportation, by lightning commu- 
nication, and by the reaching out of interdependent industries, 
international difficulties can be settled or prevented 
through understanding of the nature, environment and ne 
of every nation and race. This comprehensive view of 
world situation will not be alone the interpretation of the 
lomat, of the international lawyer, or of the business man 
cerned primarily with trade for profit. It will necessarily 1n- 
clude perception of the essential similarities and differences 
race, understanding of racial and national psychology, of spe: 
abilities of peoples for accomplishment in particular directio! 


and of peculiar needs of races and nations. Together with thes 
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factors, which have their basis largely in heredity, we must 
know the true influence of environment, of culture and of 


language. 

The knowledge which we require is such as can be reached 
only by the fullest attainable understanding of the true nature 
of every phase of the human type in every aspect of its being. 
As a part of the required information, it will be essential that 
we have clearly outlined the background of our entire history, 
setting before us the evidence as to what we are, by showing us 
how we came to be. 


APPROACHES TO EARLY HUMAN HISTORY 


Approaches to early human history have been made by 
many roads; one has been that of the investigator working 
his way back from present to earlier time by way of docu- 
mentary history, and finding a lower limit in the beginning 
stage of written record set down by use of hieroglyphs or 
alphabets. We have also the approach through work of the 
philologist and the ethnologist suggesting relationships and 
origins through similarities of language and custom. Advance 
to still earlier stages of the human record are made by way of 
archeology, basing its method in part upon physical superposi- 
tion of strata in determination of culture sequence. Carrying 
us still farther down is that aspect of paleontology connected 
on the one hand with the study of cultures through archeology, 
and on the other hand basing history upon succession of faunas 
and floras, and using the sequence of strata worked out by the 
carefully elaborated technique of the geologist. To these views 
there must then be added the speculations of the biologist upon 
relationships of the human family, which naturally follow a 
broad application of the evolution theory. 

There can be no field of science which does not, in addition 
to its peculiar individuality, represent also the meeting place of 
other sciences, as, for example, chemistry is indissolubly con- 
nected with physics and is expressed in terms of mathematics. 
There are, however, few cases in which the information re- 
quired for construction of the complete story has remained for 
a longer period so widely scattered and so sharply divided into 
the various elements needed for understanding of the subject, 
as have the materials used in constructing the beginnings of 
human history. As in the development of the relationships 
of many other sciences, starting from widely separated points, 
the student of documentary history, the philologist, the arche- 
ologist, biologist, geologist and paleontologist have all worked 
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out from their special regions until the widening boundarie: 
overlapping have given us the present field of early huma 
history. 

Consideration of that phase of the problem concerning th 
emergence of man or the beginning of human history is essen 
tially then an archeological and paleontological problem read 
out of the geological record. The evidence as we know ijt 
questionably carries us back into records representing g: 
ical periods long antedating the present age in the earth’s 
story. Although no sharp distinction exists between the n 
ods of the archeologist and those of the geologist, it seems « 
that the interpretations of the geologist and paleontologist wit 
the cooperation of the biologist must be the dominant elem: 
in obtaining our understanding of the earliest stages of hur 
life. 

It is the purpose of the two lectures given at this tim 
deal with that portion of the historical series covered by 
emergence of man and the stages of his history before the dawn 
of civilization. While the question is essentially compris 
within the realm of geologic and paleontologic research, i 


necessary to consider also such evidence as may be secured 
from other sources indicating the place of the human type in 
the natural world, with whatever data may be found to furnish 
suggestions concerning the origin and ancestry of man. The 
inquiry concerns specifically a particular portion of actual his 
tory, for which the explanation or cause must be furnished by 
evidence secured on other lines of thought. 


BIOLOGICAL POSITION OF THE HUMAN TYPE 
A study of the beginnings of human history, consider 


from the point of view of an investigator passing in review th« 
evolutionary process, involves the biological relationship 
man to other groups or organisms. Before presenting the ev!- 
dence of human history from the paleontologic and geologic sid 
it is desirable to set up as a background such information as w 
have from other sources concerning the possible biological r 
lationships of the human family. These considerations ar 
taken up with a view to determining their value in interpr 
tion of man’s place in nature, and the possibility of his grow! 
or evolution out of the natural world. They comprise: 

1. The question of existing human differentiation. Do laws 
of variation, such as are found in other groups of organisms, 
obtain also among humans? In other words, is a biologica 
scheme of classification naturally expressed within the human 


group? 
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2. The problem of geographical distribution of human 
variations with special relation to the question of origin and 


issification of such differing types. 

3. The problems of comparative anatomy and physiology, 
including consideration of the question whether man’s body is 
structurally similar to that in the higher animals. 


als 
Ule 


PHYSICAL VARIATION IN THE HUMAN GROUP, AND 
CLASSIFICATION OF SUBGROUPS 

Bringing into review the whole range of variation of the 
human family in all of its aspects, the differences in structure 
and in other characters, as color, seem to many biologists com- 
parable to the grades of distinction separating species of 
horses, wolves, bears, monkeys, and other mammals. There 
is, to be sure, the unending discussion whether the various 
hinds are to be distinguished as varieties, species or genera; 
but the settlement of this question is of the same nature as the 
determination whether the species of one author writing on 
modern mammals are always comparable with those of another. 
There may, however, be no difference of opinion regarding ex- 
istence of these distinctions, or that they represent the natural 
expression of variation or evolution in these groups of organism. 

No biologist coming down from Mars would hesitate to 
divide the human family into groups comparable to those of 
other mammals. Though there might be a difference of opin- 
ion among the Martians on the question whether certain divi- 
sions of the human type should be designated as varieties, 
species, genera or families, it is probable that the Martians 
would construct similar classification schemes, their diver- 
gence of opinion concerning mainly the question as to nomen- 
clature of the divisions in their similar plans. So the biologists 
and anthropologists of our own world to-day, without regard 
to minor differences of opinion, classify the human group. 
Each division with its peculiarities and its assumed relation- 
ships, and each perhaps possessing among its peculiarities pos- 
sibilities for advance of the world interest not open in the same 
measure to any other group. 


GEOGRAPHICAL DISTRIBUTION 


Along with other natural relations, the geographical dis- 
tribution of man presents a most interesting resemblance to 
the situation obtaining generally among the higher vertebrates. 
We frequently find that a map showing distribution of the mem- 
bers of a group of mammals or birds represents in fairly clear 
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outlines a classification of the subdivisions such as would | 
made on the basis of morphology. The forms exhibiting th 
closest resemblances are geographically nearest, but not in +) 
same place, and those that are most widely separated in char- 
acters are generally far apart geographically. The whol 
scheme of distribution when checked against geological histor 
generally shows the group gradually radiating from its place 
of origin and differentiating more widely as the distributio) 
extends. As shown by W. D. Matthew it is not necessarily tru 
that the peripheral types are the most specialized, they may be 
primitive forms pushed out from the point of origin, but 
general wide geographic separation seems to mean wide mo) 
phologic difference. In the case of man we find this geograph 
grouping of similar types, the geographic separation of more 
widely differing groups, and the pattern of distribution corre- 
sponding in general to the grouping of varieties or species 
the human type according to morphological characters. 

In the distribution of human types a most striking sugges- 
tion bearing upon the relation of distribution to variation is 
presented in the physical variation among the inhabitants 
North and South America. Although there are between o1 
hundred and two hundred linguistic groups in this area, th 
physical types throughout both continents are not widely 
ferent and are very close to those of Asia, the nearest land. A 
student of modern mammals, equipped with experience in trac- 
ing out the history of distribution of groups, would not hesita' 
in the case of non-human mammals to state that factors « 
tribution and variation such as we see in the case of man in 
America indicate that the organisms concerned have been 
this continent such a short time that there has been little 
portunity for physical differentiation to take place; and that 
the American forms are evidently derived from an Asiat 
source. It may be desirable to mention in anticipation, that ' 
evidence of geological history indicates that man now 
differentiated in the Old World has been present there 
long period, whereas in America, with relatively little differen- 
tiated human types, the question as to antiquity extending 
back as far as the geological period preceding the present 
still under vigorous discussion. 


STRUCTURAL RESEMBLANCE OF MAN TO THE HIGHER ANIMALS 

The physical characters of man generally resemble th f 
the apes so clearly that discussion of this relationship inevita! 
resolves itself into a search not for similarities but f 
ferences. 
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A consideration of features in the anatomy of man assumed 
to be indicators of relationship requires that reference be 
made to peculiarities in the development of certain parts of 
the skeleton which have been held to represent characters of 
mammals or of reptiles, and to be present in man because of 
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his descent from these lower types. It has been assumed : 
among others, such characters are seen in the presence « 
arate bones representing ribs attached to the neck vert: 


man. These elements correspond to normal functioning b 
of the reptile skeleton. They originate and develop to a cert: 
stage in man as in the reptiles, but later fuse with adj 
bones. 

It is possible that some of these structural features hay 
relation to the question of ancestry of the human skeleton. 
the other hand, as in the case of the ribs lying between the \ 
tebral column and the pelvis, and in the growth of the first tv 
vertebre, there is every reason to believe that the mode of de- 
velopment corresponding to that of the reptiles in these 
tions of the body is not related to specific needs of the skeletor 
of man considered either as completed or in process of growth: 
but that it represents rather a mode of development initiated 
in a pre-mammalian stage, and persisting in man by reason 
the fact that even at this stage in evolution it offers no dis- 
tinctly unfavorable features. It should also be noted that t! 
mode of development of these elements seen in man is common 
throughout the mammals, and is most strongly expressed in 
those forms which most closely approximate the characters 
the reptiles. 

The anatomical characters distinguishing us from the 
thropoids are generally considered to be most sharply express: 
in form and dimensions of the brain and skull, and in f 
and function of the posterior extremities. It is probably un 
necessary to proceed farther than to mention the difference be- 
tween the brain capacity of less than 600 c.c. in a gorilla bulk- 
ing larger than a man, and an average of about 1,500 c.c. ina 
Caucasian male, or a minimum of about 950 c.c. for a female 
Veddah, one of the lower races. Difference in brain capacity 
is accompanied by skull distinction of which the most readily 
recognized character is seen in the relatively large size and 
prominence of the jaws in the apes. 

In some respects the difference between man and the apes 
seems as clearly expressed in the limbs as in the brain, espe- 
cially since the difference is not merely one of degree, but is i! 
the limbs a distinction of kind and of function. In most apes 
the relatively long fore-limbs are the principal structures |! 
locomotion, which is by swinging through the trees, and to som: 
extent the hands of these limbs serve the head, though th 
thumb is not generally opposable. The hind limbs of the apes 
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are used for grasping and the feet with opposable first t 


serve as hands. 

In man the relatively long posterior extremities are used 
solely for walking. The anterior extremities with opposable 
thumb of the hand serve the head, and as one among many 


COMPARISON OF THE SKELETONS OF MAN AND THI 
rked differences in skull and proportions of anterior and posterior 
f gorilla to left; skeleton of man to right (Adapted.) 


other functions they may be used for climbing. The opposable 
thumb is specialized to a high degree and freedom from use in 
locomotion permits the hands a great development of skill in 
many directions. In apes there are really four hands, but the 
pair with opposable first digit is situated on the portion of the 
body farthest from the head, so that neither pair is advantaged 
to specialize after the manner of the hand of man. 
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The distal or foot portion of the posterior extremity of both 
ape and man represents in its fundamental plan the typical! 
extremity of all vertebrates above the fish. It has the sam: 
elements arranged in the same order with relation to eac! 


GIBBON. Illustrating extraordinary difference between posterior an 
(Adapted. ) 


other. It is characterized as in normal mammals and reptiles 
by five digits or fingers in which the inner or first digit corre- 
sponds to the thumb and is composed of a smaller number 
phalanges or finger bones than the other digits. 


In the apes the first digit is, as in normal mammals and rep- 
tiles, much shorter than the other, but is distinguished by ex- 


Ektocunei?. 


Gadoia —* oe Mesocunat 


Nawculare 


LEFT FOOT OF CHIMPANZEE. LEFT FOOT ¢ 
(Adapted from Wiedersheim.) (Adapted from Wied 
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traordinary mobility including opposability to the other digits 
as seen in the thumb of the human hand. 

In the foot of man, with the same fundamental plan seen in 
the apes, we find an extreme modification rarely duplicated in 
vertebrates, in that the normally short first 
digit, while retaining the normal number of 
phalanges for mammals, has been greatly en- 
larged and elongated until it equals or exceeds 
the longest of the other digits. It has, more- 
over, relatively very slight mobility and is not 
in any sense opposable. The type of modifi- 
cation is so extraordinary among the great 
number of foot forms known that we must as- | 
sume for it an important relation to an extra- | 
ordinary use. This we find indicated in the 
unusual position of the fore and aft axis of 
the foot, running obliquely across the foot and 
through the great toe, instead of through the 
middle toe as in most forms, giving us a foot 
with the toes turned out, the weight of the 
body being borne very largely upon the end of 
the inner toe. This extreme modification of 
the human foot is clearly to be coupled with 
the specialization of the whole limb for run- 
ning in a long-legged, two-footed form, stand- (Aa 
ing normally with everted toes. 

According to the paleontologist who relates variation in 
form to variation in use, these peculiar characters of human 
feet have come to exist through peculiar use, persistently con- 
tinued for a long period. It seems that we must set the human 
type off as very unusually modified for the special function of 
bipedal locomotion so necessary if the hands are to be set free 
to serve the head. 

Although in the view of many of the earlier writers the 
human foot differs but little from that of the apes, a number 
of investigators have inclined toward the view that the dif- 
ferences seen here constitute one of the strongest evidences in- 
dicating a considerable gap between man and anthropoids. 
The separation has seemed sufficiently wide to indicate that the 
initiation of changes leading toward the human type of ex- 
tremity must have occurred at a very remote time, at least as 
early as the incipient specialization of the ape group, tending to 
produce its peculiar type of adaptation for aboreal life through 
use of the anterior limbs for swinging or climbing with the hind 
limbs used for grasping. 
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In his recent careful review of the subject, Dr. W. kK 
Gregory takes another view, namely, that the human er 
may be derived from an anthropoid type which had gone { 
in the direction of arboreal specialization, and later le{ 
trees and passed through relatively rapid evolutionary stag 
producing a long-legged running type with greatly dey 
big toe. 
been made possible by great elongation of arm, per 
fairly erect position of the body in an anthropoid ancest 
rested his weight in some part upon the fore limbs in vw 
as in the modern gorilla. 

To most students of the problem of structural simi 
and differences distinguishing apes and men, the great 
vergences noted are to be classed as differences in degree rat 
than in kind. This seems in large measure true of skul] a 
brain. The difference in foot structure possibly presents th 
widest separation and indicates distinction in habits 
conditioned upon locomotion. Should the views expressed 
Gregory prove correct, man might conceivably be derived wit! 
changes of relatively little significance from forms not unlik 
the most man-like of modern apes. If other views offer the 
rect interpretations of structure and of possibilities of modi 
fication, the gap is wider and the modern apes will be assumed 
to represent a type built especially for the trees, while ma 
will be considered as a type long practised in running, 
accustomed with free hand to serve a brain given wider 
portunity for range of thought. Yet even with this widest 
that we can open the apes are still so near us that with 1 
recognized as a biological type he must, when classified, | 
his place in the line next to the chimpanzee and the orang. 


CONCLUSIONS AS TO POSITION OF MAN IN NATURE 


The conclusion which we obtain from a consideration 
the biological aspects of the human problem is that physica 
man may not be separated from the zoological scheme. Th 
sum of evidence from human physical structures gives us an 
organism dependent upon typical biological processes for | 
origin, and constructed on the typical mammalian plan. 
the basis of general similarity we are obliged to refer the type ‘ 
that portion of the mammalian group including the monkeys 2! 
apes. Such evidence as we secure from comparative anatom) 
interpreted through the study of classification and distribu ion 
suggests that the type of man is built up from a form which 
was originally reptilian, and has passed through many m 


On 


; 
| 
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malian stages before reaching its present level of development. 
We find the human race showing grouped variations of indi- 
viduals apparently separated from other variations much as 
are a large percentage of the generally recognized species of 
many groups of mammals. We find also that the varying in- 
dividuals are geographically grouped in a manner paralleling 
the distribution of mammalian types recognized as species and 


genera. 

From the fact that man is differentiated into clearly sep- 
arated groups related geographically as are the species of 
mammals, one might assume that he has been subject to the 
laws of evolution obtaining in other groups of organisms, and 
that through a long course of history he has gradually spread 
himself over the earth, undergoing a process of differentiation 
concurrent with the extension of his geographic range. In this 
brief statement, it is not necessary to go farther into considera- 
tion of the physiological organization of man than to state that, 
excepting in minor details, the functioning of this organism is 
similar to that of the higher mammals of the primate division. 
The details of physical difference between man and the primates 
are less than the difference between primates and other groups 
of mammals assumed to be derived from more ancient forms also 
ancestral to the primates. 


GEOLOGICAL HISTORY OF THE ANTHROPOIDS TO WHICH MAN 
SHOWS CLOSEST RESEMBLANCE 


A most interesting chapter in paleontologic evolution, which 
is necessarily a preliminary to discussion of early human his- 
tory, is that covering the successive stages of development of 
the anthropoids to which man shows closest resemblance. If 
man is considered to be derived from apes, it is necessary to 
know whether the assumed ancestor existed before man ap- 
peared. It is also in many respects as essential to trace the 
evolution of these hypothetical ancestors up to the branching 
off of man, as it is to trace man back toward the type from 
which he is presumed to be developed. Out of the record of 
anthropoid history it is to be expected that we shall ultimately 
obtain most important evidence bearing upon the question of 
man’s relationship to the other mammals. 

Unfortunately, the available remains of fossil apes are ex 
ceedingly fragmentary and include only a limited representa- 
tion of skeletal parts. Important specimens have been secured 
from a few localities in Europe, from northern Africa, and, 
most significant of all, from the great series of Siwalik forma- 
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tions of southern Asia, representing a large portion o{ 
later geological record. The occurrences of this group i 
Siwalik beds of northern India are of unusual importance. as 
the formations are of considerable geographic extent, of extra- 
ordinary thickness, of long geologic range, the relations 
strata are fairly clear, and there is a splendid representat 
of a long sequence of mammalian faunas associated with 
anthropoids. Study of the Siwalik deposits has been fo! 
through the work of the Geological Survey of India for 
years, and most interesting results have been secured, 
cially by Lydekker and Pilgrim. No remains of anthro; 
are certainly known from the western hemisphere. 

The primate or man-monkey group was in existence, « 
defined, considerably differentiated, and widely distributed 
Eocene time, five periods before the present day, or at th 
ginning of the stage of dominance of the great mammal! gr 
The anthropoid or ape division of the primates was disti) 
represented in Africa in the second or Oligocene period of t 
mammal age. By the middle of the third or Miocene peri 
forms having in general the characteristics of the orang and 
the gorilla are found in Asia, and a representative of the g 
bons was present in Europe. 


Although the known fossil remains of anthropoids are frag- 
mentary, the available material is sufficient to show distinctly a 
considerable range of forms in which there are present charac- 
ters approaching those of the human type, as well as the diag- 
nostic features of the gorilla and chimpanzee. Pilgrim basing 
his views upon recent studies of the Siwalik collections of Ind 


COMPARISON OF Sivapithecus AND Dryopithecus. Lower jaws, uppe! 
plied by one third. A, Sivapithecus indicus, provisional and partly |! 
ration after Pilgrim; B, Dryopithecus fontani, after Branco. (Figures 
W. K. Gregory.) 
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has taken the view that the genus Sivapithecus of the middle 
Miocene is very close to a line leading to the earliest known hu- 
man types and also represents the gibbon group. 

Of the forms in the middle and late Miocene stage the group 
of species gathered under the name of Dryopithecus has been 
held by a considerable number of investigators to stand nearest 
to man. In his admirable work on the evolution of the pri- 
mates Dr. W. K. Gregory has recently considered Sivapithecus 
as closely related to Dryopithecus and a representative of the 
Simiine or orang-chimpanzee- ~ 
gorilla group, rather than of le DR a) Sead) 
the gibbons. The characters wo ™ a” 
of the dentition and form of > Oxar, > 
the jaw of Sivapithecus and oe va) ty Sty 
Dryopithecus approach closely aa 
to those of the earliest types Aa +) *) 

= JI = 


p77 


in’ 
ae ) 
- f 

referred to the human group. SS 
Taking the sequence of an- 
thropoid forms as we know it, 
we find that in the earlier por- 
tion of Cenozoic time only rela- 


tively simple types are known 


as Parapithecus and Proplio- 

pithecus in which there are 

foreshadowed characters of 

both the typical anthropoid 

and gibbon types. In middle 

and late Miocene the gibbon . 
becomes distinctly separated COMPARISON OF CHERK TEETH FROM rE 


LOWER JAW OF PRIMITIVE MEN AND ANTHRO 


from the true apes, and there aa iad ates = iiaie Uaendnene 
appears a group of several natural siz , gorilla; B, Sivapithecus 
genera including characters of (iteus, after, Pilgrim; C, Pam ——. 
orangs, chimpanzees, gorillas smith Woodward: E, Homo heidelbergensis. 
and humans. As we proceed *44#pted from Schoetensack; F, Homo sa 
ee nents hens Ct. © meme cantons, tron G ama 
groups become sharply defined, lover Bushman. (Figures adapted from W 
until by the end of the Plio- “ °"*’"*’ 
cene they are clearly separated as at the present time, and in 
their development have passed through stages from some one of 
which the line of evolution to man many well have originated. 
A number of exceedingly fragmentary fossil specimens from 
America doubtfully referred to the anthropoid group are gen- 
erally presumed to represent members of the Suide or pig fam- 


ily. Inasmuch as we are just beginning to obtain a knowledge 
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of the Pliocene, which is the critical period in consideration 
earliest human history, and since the American assemblages 
in which the doubtful anthropoids appear are in many respect 
close to faunas of Asia and Europe in which anthropoids 0 

it is not impossible that members of this group may yet 
recognized inthe latest Miocene and Pliocene of North America. 
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GEOLOGICAL SUCCESSION AND PROVISIONAL LINES OF DESCENT OF MAN AND 
(After W. K. Gregory.) 


Ameghino concerning the possible origin of man by way of evo- 
lutionary stages leading through the South American platyr- 
rhine monkeys seem not to be founded upon good logic, as thes 
forms are fundamentally distinct in dentition and genera 
skeletal structure from the Hominide or human family anc 
from the whole old world group of anthropoids. 

Of all the remaining unsolved problems of evolution 
the most important seems to rest in the working out of the later 
paleontologic history of the anthropoids, particular considera- 
tion being given to possible relationship of these forms to t! 
earliest humans. As nearly as we can now determine, 
Asiatic region has seen a large part of the evolution 


whe 
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apes, and contains also the oldest known remains of man. If 
man has been derived from anthropoids, the chain of missing 
links required to establish this biological relationship is pre 
sumably to be found there. 

The 16,000-foot thickness of the Indian Siwalik series pre- 
sents a most important volume of record in which anthropoid 
history is written, and no conditions for preservation of remains 
are more favorable than those of this region. It is not too much 
to expect that the next ten years of concentrated, well-organized 
effort in the Asiatic region will furnish as yet undreamed chap- 
ters in history giving early tendencies of evolution toward hu- 
man characters, and evidence on the structure, relationships, 
habits and environment of earliest man. The undertaking will 
require much energy and large support, but when other prob- 
lems of immediate urgency have been satisfactorily settled, it is 
to be hoped that this work may be carried through. It must be 
done by more intensive collecting in the known areas, and by a 
wide range of studies through other occurrences of the late geo- 
logical formations found over large districts of the Asiatic region. 
There seems no doubt that some of the most important sources 
of material have as yet scarcely been examined. Concentrated 
effort by cooperation of a number of research institutions, or 
through considerable endowment by one institution operating 
through a series of expeditions would unquestionably contribute 
very largely to our knowledge of this most interesting phase of 
the evolution problem. 


(To be continued) 
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SOME CHARACTERISTICS OF THE RAINFALL 
OF THE UNITED STATES 


By Professor ROBERT DeC. WARD 


HARVARD UNIVERSITY 


Annual and Monthly Variability of Rainfall.—Th 
of precipitation which occurs in a year is variable, becaus 
rain-producing conditions, such as the number, intensit 
paths of cyclones, and the general pressure distribution 
more or less from year to year. A close study of 1 
weather maps usually shows why a given station or 
had a wetter or a drier year than normal. It is important 
many persons, notably farmers and engineers, to be inf 
concerning the probable limits of such variations. The { 
ing table shows the ratios of the rainfalls of the wettest 
driest years to the mean annual rainfalls for selected stat 
throughout the United States. 


RATIO OF WETTEST AND DRIEST YEARS TO THE MEAN FALL 


Mean Fall Average of Wettest 
Inches Year, Per Cent. 


50-60 142 
40-50 143 
380-40 154 

5-30 178 


To state these relations verbally: an annual rainfall 
nearly 180 per cent. of the mean may be expected in districts 
with mean annual rainfalls of 5-30 inches. In these same dis- 
tricts the rainfall of the driest years averages only slight 
over one half of the mean. It will be observed that the depar- 
tures from the mean average greater where the annual amounts 
are smaller.2. Furthermore, there may be a succession of s 
eral years with an excess or a deficiency. During 1869-1905 
considered by 5-year periods, a total of 119 stations in 

1 Alfred J. Henry, “ Rainfall of the United States, with Annual 
sonal and Other Charts,” Bulletin D, U. S. Weather Bureau, 4 
ington, D. C., 1897, p. 41. 

2See also A. R. Binnie, “On Mean or Average Annual Rainf 
the Fluctuations to which it is Subject,” Proc. Inst. Civ. Eng., Vol 
1891-92, Pt. III., London, 1892 (average limits for wettest and a! 
years in North America are 141 per cent. and 68 per cent., as quo! 
von Hann, “ Lehrbuch der Meteorologie,” 3d ed., p. 332). 
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“arid region” showed an excess in average annual rainfall, 
and 150 showed a deficiency.’ It appears to be a general rule 
that vears with precipitation above the mean are less frequent 
than those with precipitation below the mean. The plus de- 


¥ : 


partures are therefore greater than the minus departures. 
Remarkable cases of great differences between the rainfalls of 


nsecutive years are on record. Thus, on Mt. Hamilton, Cal., 
90.1 inches of rain and melted snow were measured in 1884, 
Many illustrations, although 


w as striking as this one, may be found in th: 
Weather Bureau. 

The rainfall of any individual month may also diff 
from the normal of that month. Many illustrati 
variability of the monthly means of rainfall might 
The Weather Bureau records supply abundant dat: 
study of this subject. In a certain September, e. g., 
cyclonic centers passed over the South Atlantic Stat 
age rainfall for the district was 9.47 inches, whil 
month in another year, when no storm center cross¢ 
gion, the average rainfall was less than one fifth (1.84 inches) 
as large. It is always instructive to investigate the weather 

1ap conditions which give rise to unusually wet or dry months. 
The prevailing winds and the pressure distribution during a 
wet and during a dry winter month on the Pacific coast have 
been charted by Henry.’ The abnormally rainy month was 
clearly due to the displacement, to the south of their usual 
latitudes, of the tracks of the low pressure areas. The amounts 
of rainfall along the coast north of San Diego were in most 
places over twice the normal, and in the Colorado region, where 
the monthly mean is less than 2 inches, this particular month 
gave over 10 inches. Unusually heavy monthly rainfalls over 
the plateau are almost always due to persisting cyclonic condi 
tions west of the Rocky Mountains. In the dry month, the 
tropical high pressure system was abnormally far to the north, 
and the rainfalls averaged about half the normal amount. The 

8 William B. Stockman, “ Periodic Variation of Rainfall in the Arid 
Region,” Bulletin N, U. S. Weather Bureau, 4to, Washington, D. C 
1905, p. 6. 

*An earlier table showing the mean annual deviation of rainfall at 
selected stations in the United States, as determined by Blanford’s method, 
will be found in Gen. A. W. Greely’s “American Weather,” 8vo, New 
York, 1888, p. 154. 

° See footnote, 1, p. 23. 

*“ American Weather,” p. 148. 

*See under footnote 1, Charts IV., VI., VIII., X., py 
“ Atlas of Meteorology,” Text, p. 35, Pl. 24. 
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prevailing pressures and winds in a wet and a dry March in ¢ 
Mississippi Valley have also similarly been considered 
Henry,’ and McAdie has charted the typical pressure distribu 
tion and flow of winds during a wet and a dry winter mont 
in California.* The former had low pressure over the nort! 
western coast, with prevailing southerly (7. e., rainy) winds, 
while the latter had high pressure over the northern Plat 
with prevailing northerly (7. e., dry) winds. 

The fluctuations of the monthly rainfalls at New York 
ing the period 1871-1900 have been investigated by Wac!} 
heim.’ Three times in ten years a month occurs with less t} 
25 per cent. of its mean, usually in September and Oct 
About twice as often the rainfall of a month is over 200 per 
cent. of the mean, mostly in summer and autumn. In 70 ; 
cent. of all months the amount of rainfall is less than 50 per 
cent. above or below the normal. The annual means var 
tween 80 and 130 per cent. of the normal. The mean annua 
variability is only 9 per cent. At San Francisco it is 25 


per cent. 

Consecutive Days with and without Precipitation. 
maximum number of consecutive days that have been re 
as passing with, and without, rain or snow, is a matter of « 


siderable general interest. These data do not, of course, i! 
cate that such rainy or rainless periods occur annually, but t} 
represent the maximum duration of these conditions within 
the years covered by the observations.’® Over most 
country, the number of consecutive rainy days has been 
tween 10 and 20, these conditions characterizing by far 
larger part of the districts east of the Rocky Mountains except 
the southern Great Plains (Texas). On the northwestern 
coast (western Oregon), where the rainfall is heavy and th 
cyclonic activity is marked, more than 30 days in successio! 
(30—40) have been rainy, while over a considerable area c 
tering around the Great Lakes the number has been 20 to 3 
The frequency of cyclonic rainfall in this latter section, and not 
the annual rainfall, clearly controls the conditions. The dis- 
8 Alexander G. McAdie, “ The Rainfall of California,” Univ. of Cal 


Publs. in Geogr., Vol. I., No. 4, February, 1914, Figs. 1-2, pp. 131-132 
°F, L. Wachenheim, “Die Hydrometeore des gemiissigten Nord- 
amerika,” Met. Zeitschr., Vol. 22, 1905, pp. 193-211. 

10 Mark W. Harrington, “ Rainfall and Snow of the United States,” 
Bulletin C, U. S. Weather Bureau, Washington, D. C., 1894, Atlas, Sheet 
XXII., Charts 9, 10; Text, pp. 28-29. (These charts were based on about 
twenty years of observations, and are the latest that are available. The) 


are, therefore, not up to date, but are doubtless correct in general terms, 
and would not be materially altered by the addition of newer data.) 
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tricts of heavier annual precipitation north of the Gulf of 
Mexico have had fewer consecutive days with precipitation 
than the Lakes. Adjoining the district of the maximum num 
ber, on the northwestern coast, a considerable area, including 
part of northern California, eastern Oregon, most of Washing- 
ton and Idaho, has had 20 to 30. The smallest number of con- 
secutive days with rain or snow (less than 10) has occurred in 
southern California, over much of the Southern Plateau prov- 
ince, and over most of central and western Texas. 

From two weeks to a month (15-30 days) have elapsed 
without precipitation over most of the Eastern Provinces, and 
from one month to two months (30-60 days) over most of the 
Plains, the Northern Plateau and the North Pacific provinces. 
The duration of rainless periods increases rapidly from all sides 
towards the arid districts of the southwestern interior, where 
over five months (150 days) have passed without rain or snow. 
Clearly, then, the duration of rainless periods is least where 
the rainfall is heavier, the distribution through the year is 
more uniform, and the cyclonic activity is greater 

Droughts.—Long periods without rain are generally classed 
as droughts. The term connotes a long spell of dry, but not 
necessarily altogether rainless, weather, resulting in damage to 
crops. A clear-cut and comprehensive definition of a drought 
is, however, difficult to frame, for the reason that the effects 
depend so largely upon other factors than the deficiency of rain- 
fall. Thus, the accompanying temperatures; amount of wind 
movement; character and condition of the soil; evaporation; 
cloudiness ; stage of the crop, and other varying controls, enter 
into the problem. If a drought is arbitrarily expressed in 
terms of a deficiency in annual, or seasonal, or weekly rainfall 
of a certain percentage, it may appear that in two districts 
which have the same deficiency, the effects are different because 
the other controlling factors are not the same. Droughts of 
greater or less intensity may occur anywhere in the United 
States, but are more likely to be serious where the annual rain- 
fall is small, and where cyclonic controls of precipitation are 
weak. Weather-map conditions during droughts as a whole 
show that the immediate meteorological controls are weakened 
cyclonic activity, or somewhat unusual cyclonic paths, or both. 
Special studies have been made of various severe droughts in 
the United States. An economic aspect of droughts to which 


1 See, e. g.. A. W. Greely, loc. cit., pp. 246-250; Alfred J. Henry, 
“Climatology of the United States,” Bulletin Q, U. S. Weather Bureau, 
4to, Washington, D. C., 1906, pp. 51-56; “ Rainfall of the United States,” 
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special attention has recently been directed is that of their rela- 
tion to the occurrence of forest fires. “A prerequisite of 
forest fire is a drought.’’* 

Additional Rainfall Data: Hourly Frequency of Rain 
A study of the distribution, intensity and frequency of rainfa 
brings out many interesting human relations, but the iny 
gation involves much time and has so far received com 
tively little attention in the United States.** The most 
plete studies of the details of rainfall in this country are 
for Baltimore and for Chicago.** The economic importa 
rainfall makes it highly desirable that many more such d 
studies should be undertaken. For example, if the hou 
quency of rainfall in the different months be known, it 
possible to plan outdoor work for the hours when there i 
least likelihood of rain. Kincer has shown that over th 
tral Plains the greatest concentration of night rains occurs 
the harvesting and threshing season, daytime rains being 
comparatively infrequent.'® The fact that the summer show 


Bulletin D, U. S. Weather Bureau, 4to, Washington, D. C., 1897, p. 18 
map of the eastern United States showing the frequency of dry s; 
the months of April to September during twenty years was published 
the National Weather and Crop Bulletin for May 4, 1915. The er 
frequency was in the Plains province; the least in the southern Ap; 
lachians. 

12 FE. A. Beals, “ Forecasts of Weather Favorable to an Increas: 
Forest Fires,” Proc. Second Pan Amer. Sci. Congr., Dec. 27, 1915, to Jar 
8, 1916, Vol. 2, Section 2: Astronomy, Meteorology, and Seismology 
257-270, Washington, D. C., 1917. 

18 For a discussion of the rainfall data which are necessary in a f 
description of any climate, see J. von Hann: “ Lehrbuch der Meteorolo; 
3d ed., Leipzig, 1915, pp. 324-361. Also, “ Handbuch der Klimatol 
3d ed., Vol. 1, 8vo, Stuttgart, 1908, pp. 60-67. 

14 Oliver L. Fassig, “ The Climate and Weather of Baltimore,” M 
land Weather Service, Vol. I1., Large 8vo, Baltimore, Md., 1907, pp. 1! 
237; Henry J. Cox and John H. Armington: “ The Weather and Cli: 
of Chicago,” Large 8vo, Chicago, IIl., 1914, pp. 151-236. An earlier volu 
still of importance in rainfall studies in the United States, is C. A. Schott 
“Tables and Results of the Precipitation in Rain and Snow in the Unit 
States; and at Some Stations in Adjacent Parts of North America and 
Central and South America,” Smithson. Contrib., No. 222, 4to, Washing 
ton, D. C., 1872; 2d ed., ibid., No. 353, 1881. See also F. L. Wachenhein 
“Die Hydrometeore des gemissigten Nordamerika,” Met. Zeitschr 
22, 1905, pp. 193-211. (Discussion of data for 1871-1900, including 
intensities for different districts.) 

15 Joseph B. Kincer, “ Daytime and Nighttime Precipitation and t! 
Economic Significance,” Mo. Wea. Rev., Vol. 44, 1916, pp. 625 6 
(Hourly amounts and frequency are shown by diagrams. Thre 
give the average precipitation for the United States in inches during t 
day, 8 A.M. to 8 P.M., and night, 8 P.M. to 8 A.M., for April-Septem! 
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are chiefly nocturnal means that evaporation is less than would 
he the case under sunshine. Daytime rains are dominant in 
the southeast and along the immediate Gulf coast. Over por- 
tions of the southeastern states only about 25 per cent. of the 
summer rainfall (April-September) falls at night, while on 
the Central Plains from 60 to 65 per cent., or more, falls during 
that time. At Columbus, O., 42 per cent. of the precipitation 
f the growing season (April—September) is recorded at night. 

At New Orleans, La., in summer, the percentages of day rains 
as compared with those falling during the night range from 75 

85.17 Most of the summer rains are thunderstorm 
At Galveston, Tex., convectional summer rains occur 1 
quently at night, and mostly in the latter part of the night. 

At Baltimore, the winter and spring months are charac- 
terized by a rather uniform distribution of precipitation 
throughout the day and night, in consequence of the uniformity 
of the cyclonic control, while in summer, a maximum occurs 
about 5 P.M., under the influence of thunderstorms. At 
Chicago, also, the times of greatest hourly rainfall are related 
to the times of thunderstorm occurrence.*”® The hourly fre- 
quency of precipitation is greatest in the colder months. 

At Washington and New York the largest amount of rain 
falls between 2 and 4 P.M., and the smallest between midnight 
and2 A.M. The rain frequency is greatest from 4 to 10 A.M. 

The mean hourly intensity of rainfall at New York, as given 
by von Hann, shows a maximum between 3 and 6 P.M. and a 
minimum between 3 and 6 A.M.”° 

Heavy Rainfalls in Short Periods.—Mean or average rain- 
falls do not often occur. An excess or a deficiency is much 
1895-1914, and also the percentage of the average precipitation for the 
same months that occurs at night.) 

1® Howard H. Martin, “ Hourly Frequency of Precipitation in Central 
Ohio, and its Relation to Agricultural Pursuits,” Mo. Wea. Rev., Vol. 46, 
1918. 

17E. D. Coberly, “ The Hourly Frequency of Precipitation at New 
Orleans, La.,” ibid., Vol. 42, 1914, pp. 537-538. 

18W. P. Stewart, “ Midsummer Showers at Galveston, Tex.,” ibid., 
Vol. 41, 1918, pp. 1225-1226. 

19 Loc. cit., footnote 14. 

20 Loc. cit., footnote 14. 

21 See also George W. Mindling, “ Hourly Duration of Precipitation at 
Philadelphia,” Mo. Wea. Rev., Vol. 46, 1918, pp. 517-520 

2“ Tables of Average Hourly Précipitation at Washington, D. C 
(1874-1891) and at New York (1870-1891),” Mo. Wea. Rev., Vol. 20, 1892 
p. 79. Also, Met. Zeitschr., Vol. 9, 1892, p. 480. 

*8 Lehrbuch der Meteorologie, 3d ed., p. 345. See also, A. W. Greely, 
loc. cit., pp. 155-156. 
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more probable than the normal. Hence there is need of kn 
ing something about the maximum amount of precipitatio: 
which has occurred, and which is therefore likely to 
again, or may even be exceeded. The maximum amount 
water which dams, sewers and supply-pipes may at some tir 
or other have to take care of is of vital concern to engineers. 
Farmers, too, are interested in this matter, because of the wash- 
ing and flooding character of very heavy rainfalls. 

Excessive precipitation may result either from short a 
heavy, or from lighter but longer continued rainfalls.** Rai: 
of the former type do the most damage. These occur charac- 
teristically over the western mountain and plateau districts 
and are therefore seldom recorded. The torrential downp 
(“cloud-burst”) on the distant, uninhabited mountain slo; 
the sudden rise of a stream in its narrow canyon; the rush of 
the flood downward with irresistible force—these are familia 
phenomena to many who have sought their livelihood in that 
rugged country. In the eastern United States, excessive rains 
of this general type occur chiefly in summer; are associated 
with thunderstorms or with West Indian hurricanes, and ar 
found chiefly along the southern Atlantic and Gulf coasts 
Rains of lighter intensity and of longer duration, of the sec 
type mentioned above, occur in connection with general storms 
of unusual development, and are therefore found in the sectio: 
most frequently crossed by such storms, in the eastern 
northeastern portion of the country, and on the northern 
cific coast. As pointed out by General Greely, the condit 
which give rise to such excessive rainfalls are not likely to | 
long. These heavy downpours are therefore usually 
within a day or so.*® 

Where the line between damaging and favorable rainfal! 
shall be drawn depends upon a large number of factors, suc! 
as topography, soil, condition of crop, etc. Complete data con- 
cerning excessive rainfalls for the year, month, day and shorter 
periods, are regularly published in the Annual Reports of th 
Chief of the Weather Bureau and in the Monthly Weather Re- 
view. Numerous other tables of heavy precipitation, and sev- 
eral discussions of these data, have been published in rec« 
years.*° 

24A. J. Henry, “ Rainfall of the United States,” Bulletin D, U.S 
Weather Bureau, 1897, pp. 52-54. 

25 A. W. Greely, loc. cit., p. 148. 

26 See, e. g., A. W. Greely, loc. cit., pp. 144-150 (details of exct 
rainfalls up to date of publication) ; Mark W. Harrington, loc. cit., Text 
pp. 27-28, 59-80; Atlas, Sheet XXII., Map 8 (discussion of heaviest rain- 
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In a general description of climate, the actual “record” 
rainfalls are of no special concern. The maximum changes as 
the length of the period of observation lengthens. “ Records” 
are thus constantly being “broken.” The absolute maximum 
hitherto noted is, therefore, a rather accidental matter at best, 
and it is hardly worth while, in a general account, to remember 
single “records” which are, at any moment, likely to change. 
For the present purpose, broad generalizations, easily remem- 
bered, are sufficient. 

As a convenient rough-and-ready classification the follow- 
ing rainfalls may be termed excessive: 10 ins., or more, in a 
month; 2.50 ins., or more, in 24 consecutive hours; 1 in., or 
more, in an hour. It must, however, be noted that these 
amounts are often reached and exceeded, and are in no way to 
be regarded as unusual in many sections of the country. They 
are especially likely to occur along the southern Atlantic and 
Gulf coasts in the warmer months, and on the Pacific coast in 
winter. An examination of the available data regarding the 
heaviest rainfalls in the United States leads to the following 
simple general statement, which covers the ground fairly satis- 
factorily and will need no essential modification as the length 
of the period of observation increases. An average of 1 in. a 
day, for 30 days, giving 30 ins. in a month, is not often ex- 
ceeded, although there are a good many cases of still heavier 
monthly rainfalls, and one case of over 70 ins. (Helen Mine, 
Cal., January, 1909). A fall averaging 1 in. an hour, for 24 
hours, covers the heaviest daily rainfalls thus far recorded, the 
absolute maximum being 22.22 ins., at Altapass, Mitchell Co., 
N. C., July 15, 1916. It is impossible to give any rate of rainfall 
covering, in a similar simple way, the amount of precipitation 
in spasmodic, torrential downpours which may be over in half 
an hour, or in even less time. In a “record” cloud-burst 
(Campo, Cal., August 12, 1891) 11.50 ins. fell in 80 minutes. 
This was at the rate of a little over 8.50 ins. an hour, continued 
for 1 hour and 20 minutes. In some of these “cloud bursts” 
the rate has actually been as high as 16-18 ins. an hour, but 
falls, including heaviest rainfalls at selected representative stations for 
year, month, 72, 48 and 24 hours, with tables); A. J. Henry, loc. cit., pp. 
52-58; “ Summaries of Climatological Data by Sections,” Bulletin W. U. S. 
Weather Bureau, 1912, and later reprints of various sections. A recent 
discussion and tabulation of data, mostly for the period 1896-1914, will be 
found in Adolph F. Meyer, “ The Elements of Hydrology,” 8vo, New York, 
John Wiley and Sons, 1917, pp. 64-187. (Includes data for typical exces- 
sive rain-storms; illustrated by numerous curves and charts.) See also 
C. A. Schott, loc. cit., footnote 14. 
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continued for very short periods. In view of the “ patchir 
of the records of heaviest rainfalls, it hardly seems worth \ 
to chart them for the country as a whole, although Harri: 
prepared such a chart in 1891.7 From this chart it ap) 
that, not taking account of the mostly unrecorded local 
bursts of the West, daily rainfalls approximating and ev 
ceeding 10 ins., have occurred over a relatively narrow 
along the southern Atlantic and Gulf coasts, and wer 
ciated with the passage of West Indian hurricanes. 
north and west the maximum daily rainfalls as a whole d: 
in amount, increasing again on the northern Pacific coast. 
without equalling those of the southeastern sections. 
Secular Variation in Rainfall: Instrumental Records 
ular belief in a “change” of climate goes back to th 
decades of the settlement of the United States, and f: 
mention of the subject occurs in the literature. In ¢] 
and early ’80’s a widespread interest developed in the qu 
because of the impression, which rapidly gained ground, t! 
the building of railroads, the construction of telegraph 
and the ploughing of the soil over the western Plains 
gradually bringing about a progressive increase in the rain! 
over those sections of the country. Popular interest 


) 


matter naturally led to a critical examination of the then : 
able rainfall records, and several studies were, at that 
made along this line.** No definite evidence of any progress 
secular variation in rainfall was found, in these, or in ot 
early investigations of a similar sort.” 

It is upon the evidence furnished by accurate instrum: 
records, and not upon tradition, or human memory, or unc: 


y 


tT? 


tain evidence of other kinds, that reliable conclusions in 
matter must be based. The period covered by rain-gauge r 


27 Loc. cit., footnote 10. 

28 See, e.g., C. A. Schott, loc. cit.; H. A. Hazer, “ Variation of Rain- 
fall West of the Mississippi River,” U. S. Signal Service Notes, No. VII 
8vo, Washington, D. C., 1883, p. 8; also “ Droughts in Kansas and T 
and Secular Variation in Rainfall,” Mo. Wea. Rev., Vol. 15, April, 1887 
p. 119; Mark W. Harrington, loc. cit., Text, pp. 19-20; Atlas, Sheet 
XXII., Map 4; J. D. Whitney, “ Brief Discussion of the Question w! 
Changes of Climate can be brought about by the Agency of Man, and 
Secular Climatic Changes in General, with Special Reference to the 
Region of the United States,” The United States, Suppl. I., Boston 
Appendix B, pp. 290-317. 

2° See, e.g., “ Supposed Recent Changes in Climate” 
and others), Amer. Met. Journ., Vol. 7, June, 1890, pp. 79-51. ( 
records at New Bedford, Mass., from 1813, and at Providence, R. L., from 
1831, show no progressive change in rainfall, but there are indica’ 

a periodicity of about twenty years). 


x . 


(by W. Uy 
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ords in the United States is a comparatively short one. Few 
bservations go back of 1850, and most of them date from later 
than 1870. There have thus far been few noteworthy studies 
of these records from the viewpoint of their relation to climatic 
“changes.” The more numerous discussions of limited scope 
are mostly based on insufficient data. Abundant material for 
vestigations of this sort is now available. 

In the Temperate Zones most of the rain and sno 

or indirectly, in association with general 
As the paths, numbers and intensities of 


varv more or less from year to year, it is inevitabl 
1, -_ 


ulit 


precipitation of any year, or of any month, may 


erably f 


‘om the general average for that period. Even: 


heavy thundershower, or a well-developed general rainstorm 
may, for example, raise the total rainfall for a month 2 or 3 ins. 
above the normal. Such annual and monthly fluctuations 
rainfall are well-known. They may result in giving a singk 
year or month, or a series of them, wetter or drier than the 
average. The question whether there is any tendenc) vards 
a progressively decreasing or increasing rainfall anywhere 
the United States, and whether there is any evidence of a 
periodic variation or oscillation in rainfall has in recent years 
been somewhat fully discussed by Professor A. J. Henry, and 
by Professor Eduard Briickner. 

Henry plotted the “ progressive averages of precipitation” 
for certain stations in southeastern New England, in the upper 
Ohio Valley (both for the years 1834-1896), and in the middle 
Mississippi Valley (1858-1896).** A rough periodicity of about 
nine years appears in the Ohio Valley curve. The curve for 
the middle Mississippi Valley shows little indication of period- 
icity. The New England curve shows a noticeable increase in 
rainfall, apparently a local phenomenon, from about 1845 on, 
with a climax in 1888-1889 (a drought period in 1880-1882 
being excepted). It is apparent that the three curves are not 
in agreement as regards their periods of maximum and mini- 
mum. A later study of the departures from the normal of the 
annual rainfalls for all districts of the United States in the 
period 1887-1911 (25 years) “lends no color to the theory of a 
cycle in precipitation.”** During the 25-year period under dis- 

*° See, e. g., “Summaries of Climatological Data by Sections,” U. S. 
Weather Bureau. (These Summaries contain the monthly and annual 
amounts of rainfall for each year throughout the period covered by the 
observations). 

*! Alfred J. Henry, Bulletin D, pp. 18-24, Pl. II. 

A. J. Henry, “Secular Variation of Precipitation in the United 
States,” Bull. Amer. Geog. Soc., Vol. 46, March, 1914, pp. 192-201. 
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cussion, the tendency seems to have been towards years . 
cient precipitation, although years of abundant rainfa 
interspersed. Curves for selected stations in New Eng 
the interior, the western Gulf,and North Carolina (1879-19 
show no “approach to uniformity of distribution in 
space.” For the period and the districts under discussi 
were about equal numbers of dry and of wet years. C 
favorable for unusually heavy rains over extended areas 
apparently exceptional. Rainfalls close to or slightly 
normal are rather to be expected. 

Briickner has shown that over the world as a whol 
and drier periods alternate with periods which are c 
moister in an oscillatory cycle of about 35 years fron 
mum to maximum." 

In the case of the United States, curves are given { 
tions in the upper Ohio Valley, the central portion of the 
sippi Valley and for New England. The rainfall for ea 
is taken as the average of the 10 years of which it is th 
e. g., for the year 1835, the average of the years 1831 
taken. In all parts of the world which are represented 
curves, except New England,** there was a maximum of 
fall about 1845-50; a minimum about 1860-70; another 
mum in the early ’80’s, followed by a decrease until the e1 
the last century. From the minimum of 1836 to the minimun 
of 1871 there were 35 years, and between the maximum 
to that of 1882 there were 34 years. At present, there is a 
and moist period, the middle of which is to be looked for a 
1920. These oscillations have been traced back over 700 
in Europe, and, in Briickner’s opinion, there is no d 
they will continue. The size and value of crops; move! 
of population, and other economic consequences have 
shown to depend upon these cycles. Thus, the maximum 
rainfall about 1880 was followed by the “boom” on the Hig 
Plains, and the collapse of the same “ boom” occurred when t! 

33 Edward Briickner, “ Klimaschwankungen seit 1700, nebst B: 
tungen iiber die Klimaschwankungen der Diluvialzeit,” Vienna, ! 
324; “Zur Frage der 35-jahrigen Klimaschwankungen,” Pet. Mitt 
48, 1902, pp. 173-178; “ Klimaschwankungen und Vélkerwanderunge: 
XIX Jahrhundert,” Internat. Wochenschr. f. Wissenschaft, Kunst 
Technik, 1910, March 5, pp. 15 (Berlin); “ The Settlement of the Uni 
States as controlled by Climate and Climatic Oscillations,” ./ 
Volume of the Transcontinental Excursion of 1912 of the Amé 
Soc. of New York, Large 8vo, New York, 1915, pp. 125-139. 

’4In the case of New England, the recent maxima came in 15! 
1889, the conditions being different from those inland because of ma 


control. 


» 
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sycceeding dry period came on. Obviously, oscillations of rain- 
fal] will have their most far-reaching effects in regions over 
which the normal precipitation is barely enough for the ordi- 


nary needs. Here a fluctuation on one side or the other of 


the mean is of critical importance. Briickner has shown that 


in the most continental climates the difference between the 
maximum and the minimum rainfalls may amount to 25 per 
cent., or even 50 per cent. or more. The oscillations in the level 
f Great Salt Lake show no permanent change. ‘The waters of 
the lake rise and fall with a periodicity which agrees in general 
with the Briickner 35-year cycle. After the close of the dry 
neriod following the middle of the last century, the lake rose 
m: re than 12 feet up to about 1880, its maximum coming dur- 
ing a wet period. Then it fell again during the next dry period, 
and rose during the present wet cycle. 
Secular Variations in Rainfall: Non-instrumental Evidence. 
—Climatologists who take a broad view of their subject are 
interested in any facts which may throw light on the question 
f secular variations in rainfall. They agree, however, in the 
mviction that non-instrumental evidence is to be regarded as 
in a wholly different category from that of actual rain-gauge 
records in that the former can not possibly be subjected to the 
same rigid analysis and scrutiny as is the case with the latter. 
Within the last few years, Professors A. E. Douglass and 
Ellsworth Huntington have made a study of the “rings” of 
trees in Arizona and in California, it being assumed that the 
thickness of the annual layers of tree-growth gives an approxi- 
mate measure of the annual amount of precipitation. Douglass 
has measured the rings of yellow pines on the northern Arizona 
plateau, and finds a correlation between tree growth and cer- 
tain meteorological cycles.*° By means of an empirical form- 
ula, a test was made covering a period of over 40 years for 
which actual rainfall records are available, and it was found 
that the rings gave a measure of the rainfall with an average 
accuracy of over 70 per cent.*® Indications of periods of 11.4, 
>A. E. Douglass, “ Weather Cycles in the Growth of Big Trees,” Mo. 
Wea. Rev., Vol. 37, 1909, pp. 225-237; “ A Method of Estimating Rainfall 
by the Growth of Trees,” Bull. Amer. Geog. Soc., Vol. 46, May, 1914, pp 
321-335; “ Pine Trees as Recorders of Variations in Rainfall,” Astron. and 
Astrophys. Soc. Amer.; Bull. Internat. Insti. Agri., abstract in Quart. 
Journ. Roy. Met. Soc., Vol. 39, July, 1913, pp. 244-245. F. E. Clements 
and A. E. Douglass: “Climatic Cycles,” Yearbook Carnegie Institution, 
Washington, D. C., 1918, p. 295. (Discusses coincidence of drought in the 
Southwest with years of maximum sunspots, and mentions further tree- 
a to be made with this in mind). See also footnote 37. 


**In the case of the older trees, certain corrections were applied. 
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21 and 33.8 years, as well as of still longer fluctuations 
found. The last crest of the 33-34 year period, about 
can be correlated with the Briickner period above ref; 

The results obtained by Douglass have been includ 
Huntington in a very considerable investigation of th 
kinds of evidence of climatic “changes” during the past 
years in the arid southwest. This investigation 
study of the rings of the “Big Trees” of California 
prehistoric ruins; archeological remains; strand lin 
and alluvial terraces in southern Arizona and New 
A comparison of the curves showing the rapidity « 
the “Big Trees” with curves previously plotted, 
changes of climate in Central and Western Asia, le: 
ington to the conclusion that there is a corresponden 
them back as far as 1200 B.c., the agreement being 
pronounced during the period 300-1000 A.p. Ther 
ever, also cases of a lack of correspondence between t 
The archeological and physiographic evidence seems | 
ington to indicate three periods during which a mu 
population was living in the southwest than seems to | 
ble at present, owing to the existing deficiency of water s 
These three population eras were about 1200 B.c., and 
seventh and thirteenth centuries A.D., and correspond 
three long wet periods suggested by the studies of tl 
rings made by Douglass and Huntington. 

The Climatologist’s Attitude regarding Non-inst 
Evidence of Climatic Changes.—Climatologists as a gr 
not feel competent to weigh such facts as those 
Huntington and others regarding climatic oscillations |! 
fore the days of instrumental records. They realize that 
proper understanding and critical analysis of botanical, arc! 
ological and physiographic evidence requires a degre: 
nical knowledge which is usually not a part of their 
entific equipment. Therefore it must be left to the expe: 


‘ 


87 Ellsworth Huntington, “ The Fluctuating Climate of Nort 
ica,” Geogr. Journ., Vol. 40, September-—October, 1912, pp. 264-28 
(abridged and reprinted in Smithson. Inst. Ann. Report for 19 
es 


mati 


ington, D. C., 1913, pp. 257-268) ; “ The Shifting of the ¢ 
Illustrated in Mexico,” Bull. Am. Geogr. Soc., 1913, Vol. 45, 1 
Journ., Vol. 41, June, 1913; “ Secret of the Big Trees, Yosemit 
and General Grant National Parks,” Pub. U. S. Dept. of the Int 

24 pp., 14 figs.; “ The Secret of the Big Trees,” Harper’s Mag., Jul 
See especially “ The Climatic Factor as Illustrated in Arid Ame! 
Ellsworth Huntington, with contributions by Charles Schu 

E. Douglass and Charles J. Kullmer. Publ. of the Carnegie / 
ington, No. 192, 4to, Washington, D. C., pp. iii and 341. 
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weigh this evidence and to determine its 
with this, it may be stated that these experts are by no means 
unanimous in their views. It has, e. g., bee inted out that 
the growth of tree rings may be affecte y many condit 
other than the annual rainfall. The distribution of precipita- 
+} 


tion through the year exercises a more critical contro] than the 


10nS 


1al amount, while the age of the tree; 


Ual « 
, yr? wtl s sot n¢ ] oth r ects ott 
tree’s growtn; insect and ier pests, of 


ally; overcr¢ wding; the loss of shelt 


iCall 
be taken into account. Furtherm 
proper “correction factor” ji 
t be as simple a matter as it 
“Bi g “Tree s” have continued to thrive for 3 
taken to indicate a remarkable uniformity 
ons, rather than a series of oscillations. 
sition among geologists to the view that variat 
and in lake levels, due to variations in rainfall, 
proper explanation of the conditions which have 
in the dunes, strand lines and alluvial terraces. 
active mountain growth, like the southwest, ele n of 
land may explain the facts whose interpretation has been 
sought in climatic change. Lastly, the archeological evidence 
is by no means regarded as conclusive by all the experts. Thus, 
J.W. Fewkes and others believe that long-continued prehistoric 
ene to eceeenentaig wren of the soil, was ve 


or increasing aridity. . ieatian in siete of fire aaa, oe 
invasions of enemy tribes, as well as a reduction in the fertilit 
of the soil, may help to explain these prehistoric changes of 
population. 

In the face of such conflicting testimony on the part of the 
experts, the conservative climatologist may well remain open- 
minded on this whole question. 


J. W. Fewkes, 28th Am. Rept. Bur. Amer. Ethn., 1906-07 (1912) 
There is abundant literature on the archeology of the southwest. See, 
e. g., the following recent publications: E. L. Hewett, J. Henderson and 
W. W. Robbins, “ The Physiography of the Rio Grand e Valley, New Mex- 
ico, in Relation to Pueblo Culture,” Bulletin 54, Smit! im Inst., Bur. 
Amer. Ethn., 8vo, Washington, D. C., 1913, pp. 76 (pp. 41 on climat 
and the evidence of climatic changes. A progressive d cation of the 
region since the beginning of the pueblo and cliff-dwelling per s thought 
to be indicated, but the change in population may possibly be ascribed to 
other causes). Harold S. Colton: “ The Geography of Certain Ruins near 
the San Francisco Mountains, Arizona,” Bull. Geo l F 
April, 1918, pp. 1-24. (Discusses the ruins as afl 
matic oscillations. “The question can not b 
more work has been done in the pueblo region ” 
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MAN AND HIS NERVOUS SYSTEM IN THE WAR 


BEING SOME REFLECTIONS UPON THE RELATION oF 
AN ORGANISM TO ITS ENVIRONMENT. II 


By Professor F. H. PIKE 


THE DEPARTMENT OF PHYSIOLOGY OF COLUMBIA UNIVERSITY 


MAN IN HIS RELATION TO HIS ENVIRONMENT. MAN’s 
TION TO SOCIAL AND POLITICAL CONVENTIONS 


ry\HESE considerations must be urged as a justification f 
it the attempt of a physiologist, representative, loyal thoug 
confessedly unorthodox in many particulars, of a science t 
has concerned itself far more with internal organization t 
with the effects of, or reaction to conditions in the environ: 

to go back along the road of the naturalist which he traveled 
as a student, to set forth in brief the general features of man’ 
reaction to war and war conditions from the point of vie) 
the organization of the nervous system. For it is through 
the nervous system that the reactions which I wish to des 
have arisen. In order to do this, we may first look a litt 
more closely at the manner of organization of the nervous sys- 
tem and some of the changes it has undergone in the cours: 
organic evolution. 

The possibility of affecting the organism through its 1 
ous system has been mentioned. The property of irritabilit 
or excitability is highly developed in nervous tissue. And its 
sensitiveness, as was previously stated, is further increased 
the development of highly specialized sense organs at the pe- 
riphery. The eye and ear are familiar examples of such sens 
organs. A sense organ has been defined as a mechanism for 
decreasing the threshold of a stimulus, i. e., a mechanism for 
making the organism more sensitive to a given form of energ 
in the environment than it would otherwise be. A very intens 
light or an extremely loud sound would be necessary to stimu 
late a nerve trunk directly, but through the mechanism of th 
eye or the ear, almost any measurable intensity of light or 2 
very slight sound may set up a nerve impulse which, on reach- 
ing the central system, is interpreted as sight or hearing. 1! 
nervous system, through its peripheral sense organs, is more 


1emM1ca 


sensitive to some agents in the environment than the ch 





MAN AND HIS NERVOUS SYSTEM 


mechanisms of the body. And the greater the number of sense 
organs or the higher their degree of development, the more sen- 
sitive does the organism become. Some animals have more 
highly developed sense organs of a particular kind than man, 


as for example, dogs, which have a more acute sense of smell. 


Other forms probably have sense organs for the perception of 


certain agents in the environment which man 
nreciate without the aid of laboratory instrument 
fact remains that man is sensitive to many 
energy in the external world. 

Mere sensitiveness to agents in the external environment 
constitutes but one side of the picture. The reaction of th 
organism to the agent in the environment is still to 
And given the same set of external conditions, animals of dif- 
ferent species may react in different ways, or different indi- 
viduals of the same species may exhibit considerable variation. 
In general the lower forms of vertebrates exhibit the greatest 
degree of uniformity of reaction. And often the first time a 
young animal reacts, its response is similar in every way to 
that of an adult animal which has given this particular re- 
sponse many times. Whitman calls such responses instinctive 
responses and we may refer to his graphic description of the 
action of a young puppy when it first takes food as an illus- 
tration. He attributes their peculiar manner of execution to 
the (internal) organization of the animal; and going a step 
farther, we may recall Magendie’s statement that instinctive 
responses are dependent upon the organization of the nervous 
system. A little further up in the animal scale, the element of 
a choice between two responses may enter into the problem, 
and we have the origin of the possibility of intelligence. Whit- 
man’s description? of the reactions of three different species of 
pigeons, the wild passenger pigeon, the little ring-neck and the 
common dove-cote pigeon, on finding the eggs gone from the 
nest shows what a narrow boundary separates instinct from 
the beginnings of intelligence. The outstanding feature of the 
deportment of the lower organism is the narrow limits of varia- 
tion in any given reaction under a given set of conditions. 

But narrow limits of variation in a response are not con- 
fined to lower vertebrates. New-born mammals usually exe- 
cute the first few respiratory movements in essentially the same 
way, using essentially the same motor nerves and muscles as 
adults, The first swallowing movements are also biologically 
adequate, resulting in the entrance of food into the stomach. 

‘See Columbia University Quarterly, 1918, XX., pp. 150-152. 

* Loc. cit., pp. 334-335. 


VOL. vir.—15, 
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The mechanism for each of these movements is laid down i, 
sense organs, the afferent nerves, the central nervous s 
the efferent or motor nerves and the effectors—the 

and glands to which they go. 

There are two features of this type of movements that 
worthy of remark. The first is their high degree of efficien 
In the higher organisms the movements of respirati: 
for hour after hour, year after year, always keeping 
in the blood and removing carbon dioxide from it as | 
life lasts. Few mistakes are made, partly for the reas 
the machinery is so highly organized and efficient that mista 
do not often occur, and partly for the reason that when : 
takes are made, they are sometimes fatal. The young n 
or the young fish soon leaves the confines of home and shit 
itself. Since its reactions are essentially the same as th 
an older fish or an older mud puppy, it catches its 
seeks shelter in the way of all its tribe. And if the young 
does make a mistake, there are plenty more from the sam 
or other similar homes to make up for the ones that fal! i 
error. Learning, while possible in many of these forms, 
not fundamentally change their general behavior. React 
of this type possess the merit of that form of efficiency 
always gets things done in the same unchanging way, 
which results from a high degree of organization. 

Such efficient and unchanging types of reactions, howe\ 
are not without disadvantages. When we compare the m 
ments of respiration and swallowing with the movements 
the hand, certain deficiencies of the former type may be brought 
out. The child can not use its hands in early life with as g 
precision as it can swallow or breathe. Long periods ot 
struction and some years of growth are required befor 
acquire facility in writing or bricklaying or in using a t 
writer or playing a piano. Probably the time never 
when it can do any of these things with as few mistakes as 
makes in breathing or swallowing. From this point of 
these reactions never become as efficient as the reacti 
breathing or swallowing. And, whereas all that live, br 
and swallow, probably no one individual can learn to wr 
lay bricks or use the typewriter or play the piano with 
facility. But while these reactions must be learned, and 
become as efficient as breathing or swallowing, they oi! 
avenue of escape from the monotony of the life of the fis! 
the mud puppy, or the mere occupations of breathing and 
lowing. The nervous mechanisms for the control of t! 
ments of the hand are not as highly organized as the m« 
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anism for the control of swallowing and respiration, and arise 
late r in the course of organic evolution. A profound student 
and philosopher of the nervous system, Hughlings Jackson, 
called attention to this fact, and remarked that, if all parts of 
the nervous system were as highly organized as the mechanism 
for the control of respiration, there would be little hope of the 


acquisition of new attainments. This statement is worthy of 
me thought on the part of those who have insisted in recent 
vears that the hope of man lay in a higher degree of organiza- 
tion and efficiency. Nature did not stop with the production of 


} 


highly efficient nervous systems, but went on to other higher 


types. And, disconcerting as the discovery may be to the apos- 
tles of a high degree of organization, there is scarcely any fact 
in nature better established than the fact that the evolution of 
the higher forms has led to the production of a nervous system 
some of whose mechanisms are not as highly organized as are 
those of lower animals, but which permit of new attainments 
by the method of “muddling through” to proficiency if pro- 
ficiency is ever attained. Man’s nervous system permits of 
muddling through to proficiency in more directions and in more 
reactions than that of any other animal. And since it is the 
common observation of many that not all men can muddle 
through to equal proficiency in all directions, but that one man 
can do some things better than he can others, we have the 
existence of those variations which constitute individuality. 
Following a second line of evidence—that of the course of evo- 
lution of the nervous system— we come again to the same con- 
clusion at which we arrived after the survey of the chemical 
mechanism of coordination—namely, Bergson’s statement that 
life tends toward individuality. 

Man manifests individuality in his mental processes quite 
as much as he does in motor reactions. Often, in fact, his 
motor reactions follow only as the result of his mental proc- 
esses. Probably it is more through his individuality in thought 
rather than of mere action that he has come into conflict, 
whether for good or evil, with his fellows. 

Various means have been adopted in the past in the attempt 
to limit the exercise of man’s individuality through the setting 
up of conventions of various kinds. Conventions have often 
been set up to preserve the better things of life and to prevent 
a falling back to a lower standard. The motive has often been 
of the highest kind. Other conventions have been set up from 
motives of self interest to guard the interests and privileges of 
a small group against the assaults of the multitude. The ulti 
mate effect of conventions of this sort has often been illustrated 
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in the course of human history. The most typical a 
reaching form, so far as its effects on the general intel! 
life of the community is concerned, has been the parti 

of convention set up in a theocracy such as that 
Egypt or Babylon. The story is best given in the v 
historian.* 

In substance, too, the evolution of the two civilizations 
alike. Smaller communities of varied racial origin are s| 
together under conquering chiefs, whose power is supported by : 
system, also slowly elaborated, in which the divine and hun 
closely intertwined that ultimately in each case the ruler and 
deity are practically identified. In each case a lower and upper 
are finally amalgamated round a central city, in the one cas 
in the other Babylon, some way removed from the river’s mout} 
case, the priestly order, in close alliance with the throne, de 
opulence and leisure, to the elaboration of the theological s) 
study of the heavens. In each case these observations give valua 
rial and stimulus to later science, and specially in two spher 
activity results are achieved of the highest lasting service t 
To their beginnings in measurement and calculation we owe m 
common units of time and space, and to their invention of writi: 
ably the foundation of our own. It is these written records wh 
revealed them to us, and formed to them also one of the strong 
between successive generations. In each case, too, we note in t 
periods an extraordinary freshness and fineness in their artist 
which is similarly marred later on in both by the extravagar 
imperialistic spirit and the rigidity of convention. 

As physiologist, I would be inclined to characterize t! 
of convention as an attempt to reduce the action of th 
cephalon—the newer part of the brain by which man ! 
tained his individuality—to the level of the relatively wu 
ing action of the paleencephalon which governs the res} 
of the fish and the mud puppy and presides over respirat 
and swallowing, by mere fiat of man. But not all men i 
world came under the dominance of Egypt or Babylon, a! 
Egyptian and Babylonian empires did not last forever. 
men in other parts of the world were unbound by convent 
this sort and man’s progress continued for a time 
favorable surroundings. 

Greece was the next place in which the light of man’s 
lect flamed up and we read in such a work as Professor Bur 
“History of the Freedom of Thought”—a work wort! 
being read by every student of science—that reason was fr 
Greece and Rome. Yet convention did not wholly pass 1! 
by. And again in Greece the origin of the convention 
traced to the desire of a small group to protect their own in! 
ests or to conserve their own source of revenue. 


3 Marvin, “ The Living Past,” pp. 32-33. 
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The priestcraft of the earliest times met with difficulties in 
gaining the ascendancy and in maintaining it when it was once 
obtained. Perhaps the clearest picture of the nature of 
difficulties and of the attempt to overcome them by building up 

system of convention for mostly sordid motives is to be foun 

Homer, as A. W. B 

rt 


the g 


in the history of Greece. 
reated the gods in a humorous, joking s 

rganized priestcraft would have permitted. 

organized priestcraft existed, and a cer 

1 no particular harm. But, as soo 


as 
1A j 
uGge Ulu 


began to develop, the need for funds 
rchy could get money from the populace so lo 
only the sort of gods Homer describe: 
lucers of the gods interfered with the gener: 
ng the priestcraft, such traducers had to be d 
opportunity for casting aspersions on the 
life of the irreverent individual, it 
the problem to kill the irreverent individual. 
tempted in the case of Anaxagoras, who held unort} 
neerning the nature of the sun and moon. It s 
le that Anaxagoras escaped death for bla 


system never worked out as well at Athens 


] 


seemed a 


spnem 


as 


untries in later years. But it was soon found t 

' one individual did not wholly solve the pr 
necessary to make the attack on it i 

Legal sanction for the execution of heretics a 


was obtained, and the power of the priestcrat 
ing seemed to be going wel! 


yy « 
sik && 


+aner 
bhi 


‘r, some began to suspect 
’ 
i 


As time went by, however, ‘ 
ll, the best method of 


AAS 
method of the priestcraft was not, after a 
approaching the solution of the problem. To 
‘stionable chara 


st to eliminate gods of que 
with those of known worth. Scourging 
from the temple is one concrete instance 
this method applied to more mundane 
method of approach did not, however, 
favor, especially in official quarters, and it was 
‘ ] } 


? ; 
i UUil 


lapse of generations that the Greek gods an 

were eliminated. The two methods persist to-day) 

the weight of official opinion has been thrown in 

the first method. In general, mankind has been divide: 

two great groups, one of which has been engaged in “ 
‘“ Early Greek Philosophy,” p. 7, New York. 


Benn, loc. cit., D. 75. 
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things over” and the other composed of those who hay 
told that it is impolite, or even impolitic, to make a fuss. 

The two groups have sometimes, but not always, 
vided on the basis of age. A quotation from the work 
student of Greek drama is in point here.® Sheppard, i 
ing of the age of Euripides, remarks concerning 
Athens: 


Superstition still prevailed. Therefore the Enlightenment 


tary, and was necessarily disruptive. It was also inevitable 
fathers think the Age of Reason is achieved, the sons may b 
they are of good stock, to see that it is still far off. Th 
thought, which Aristophanes deplored, was the legitimate offs) 
Periclean age, though, like most children, it scandalised it 
the time when Pericles became supreme, Athens was the center 
Her citizens travelled, and saw the customs of many nat 
assembly, and the law-courts they needed the arts of rhetoric, « 
teachers came from Sicily to teach the argument. All men who 
found listeners and ready talkers in Athenian gymnasia, and th 
opinion ripened after the sowers had perhaps been sent about t! 
ness. Everything, divine and human, had to stand the test of 


eT 
} 


Much the same idea is expressed by James Russell Lowel] i: 


“Ode for the Fourth of July, 1876”: 


Poets, as their heads grow gray, 
Look from too far behind the eyes, 
Too long experienced to be wise 
In guileless youth’s diviner way. 

The blindness to the ways of youth is still with us. Fr 
thought though we may boast ourselves to be, there ars 
among the elders who have remained sufficiently free fr 
vention to regard “ guileless youth’s diviner way” in 
light. For it, too, is a result of evolution, and upon 
tinuance our progress depends. 

The problem of the autocratic ruler has not been ver 
ferent from that of the priestcraft, and the method of att 
solution has been very muchthesame. There grew up i! 
Divinity that doth hedge a king” an elaborate system 
vention which tended to limit the expression of the 
uality on the part of the subjects of the kingdom. Th 
elaborate survival of such a form of convention is the 
the South Sea Islands, since it could scarcely survive 
society in which the elaborate claims of the ruler wer 
jected to any sort of critical inquiry. Conventions of thi 
flourish best among peoples whose general mental processes 
not characterized by any high degree of individuality 
facts and theories of this nature fall in the province: 


® Sheppard, “ Greek Tragedy,” p. 124. 
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social anthropologist, and his opinion is entitled to a hearing. 
Both physiologist and anthropologist have little hesitancy in 
regarding the taboo as superstition. Going on from this point, 
the social anthropologist recognizes that without the aid of su 
nerstition to maintain them, some of our common political and 

} 


cial institutions would have been modified or have collapsed 
ng ago. The institutions of government, of private property, 


4 


f marriage and even of respect for human life were originally 


inded upon superstition, and maintained by it | 


their foundation.’ Superstition has not been wit] 
ficial results, since some of these institutions hay 
of preservation. But one may hope that eventuall) 
institutions will be placed on a rational basis a1 
accordance with the principles of human reason. 


THE JUSTIFICATION OF THE FREEDOM OF THOUGHT 


, 
’ 


The conventions set up by the ancient priestcraft and th 
kings of the ancient monarchies tended to limit the freedom of 
thought. Other conventions have tended toward the same end, 
and man has, sooner or later, rebelled against them. Bloodshed 
has been the price paid for breaking convention and securing 
freedom of thought. Much discussion has centered about the 
question, and discussion is likely to continue for some time to 
come. As a biologist, I would consider that the question of 
freedom of thought is bound up with man’s nervous system. 
The historian finds a justification for the freedom of thought, 
not “on the conception of natural right,” but “on the assump- 
tion that the progress of the race, its intellectual and moral de- 
velopment is a reality and is valuable.’* Biology comes to the 
aid of this assumption; and, from the point of view of organic 
evolution, it is not so much an assumption as a fact. Mental 
processes, as Burdon-Sanderson stated,’ are a part of the spe- 
cific energies of the organism, and should, on that ground, be 
included in the subject-matter of physiology. Referring back 
to the point of view of the physiologist, we may suppose that, 
ordinarily, mental processes go on for the good of the individ- 
ual. A man’s thoughts become a part of the general activity of 
his nervous system, and can not be unreasonably limited with- 
out interfering with his internal development, which has arisen, 
and, let us hope, will continue, as the result of processes of 
organic evolution. As Herbert Spencer expresses it, “a man’s 
thoughts are as children born unto him, which he may not will- 

* Frazer, J. G., “ Psyche’s Task,” London, 1913. 

* Bury, loc. cit., pp. 240-241. 

* Loe. cit., p. 469. 
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ingly let die.”” But mental processes, like other processes in 
body, may become perverted, and we may have mental] 
as a result. Such diseased persons must be treated as dis 
persons and not as persons possessed of a devil. But 
true, as I think is undoubtedly the case, that “the pros 
the race, its intellectual and moral development” is a | 
of, or has arisen in the course of, organic evolution, th: 
object and end of evolution has not been the developm: 
ferocity. This conclusion is not wholly new. Huxley, 
ago, remarked that man, having attained to his present 
would be glad to see the ape and the tiger die, but they re! 
to suit his convenience. But, new or old, the conclusio 
more emphasis than it has received in the last five 
more. Good animals are necessary, but good men are sti 
necessary if the race is to distinguish itself from other a) 
by properties other than mere anatomy. The Greeks 
nized this; for Sophocles, in his chorus of Antigone, mad 
statement: 

Of all strong things none is more wonderfully strong than } 
can cross the wintry sea, and year by year compels with his p! 
unwearied strength of Earth, the oldest of the immortal gods 
for his prey the aery birds and teeming fishes, and with his wit |! 
the mountain-ranging beasts, the longmaned horses and the tir 
Language is his, and wind-swift thought and city-founding m 
has learnt to shelter him from cold and piercing rain; and has 
meet every ill, but Death alone. Even for desperate sickne 
cure, and with his boundless skill he moves on, sometimes t 
again to good. 

The Greeks, however, were remarkably free from s 
tion, considering the age in which they lived. The “city 
ing mind” does not reach its fullest opportunities unt 
cleared away superstition. For one in peril of his s 
not think freely or accurately on all matters which pert 
him. Some of the agents which man has used in cl 
superstition may now be mentioned. 


THE PLACE OF BIOLOGY IN THE LIFE OF A NATION 


Century after century man has been struggling 
down convention and obtain opportunity for the expres 
his individuality. Often he has been defeated in th¢ 
and the progress of the world has halted for a time, or : 
ticular nation has fallen into stagnation. But each tim: 
where in the world, man, driven by the forces within hi 
sooner or later broken through the particular system of 
tion which aroused his anger. Man’s reaction against « 
tion may be viewed as a biological reaction. Man has att 
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to provide an environment, social and political, which permits 
the expression of individuality and which is worthy of man. 
Science has had its part in the struggle, and on the whole, it 
has been a worthy part. A brief statement of the 
ence in the life of a people may be given here. 
In the long run, the material advancement 
rested upon mathematics and the physical scien 
and the freedom of human thought from superstition, 
natural and biological sciences. Not a railway i 
r a great building erected, nor an ocean liner | 
ut previous mathematical calculation. The fundan 
portance of all branches of mathematics for all 
engineering is so well known as to need no furth 
It is not so generally recognized, however, that 1 
dom from superstition has come about through the d 
of the natural and biological sciences. But mothers in ci 
countries no longer cast their children into the fiery imag: 
Moloch to appease the gods who sent the plague in their wrath. 
We kill the plague-bearing rats and drain the swamps where 
the disease-bearing mosquitoes breed. Yet superstition lingers 
in the popular mind as an evidence that the task of biol 
still unfinished. But on one point, biology has a clear, 
and unequivocal statement to make, and that is, ‘ul 
his throne by divine right. The wisdom of all the 
not convince us to the contrary. If it is seriously 
any country that autocratic rulers have any special prero 
denied by the gods to ordinary mortals, it is a reflecti 
the state of biology in that country. Nor is the bi 
clined to regard with much favor the claim of a people 
to divine guidance in a greater measure than is granted to their 
neighbors. Much bloodshed might have been avoided if it had 
been clearly recognized that all claims of this sort rest upon 
superstition and not upon any rational found 
experience one might predict what the reacti f man would 
be to any attempt to interfere unreasonably v the exercise 
or expression of his individuality. We may, then, look a little 
more closely into the elements that aroused a man’s anger at 
the outbreak of the war. 


ation. From past 
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( To be concluded) 
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use in our homes is largely obtained from the dry 
tillation of coal; but many men and women even to-day a) 
aware that, in addition to illuminating gas, other produ 
far-reaching commercial importance are also obtain 
this same coal. 

Among these coal-tar stands out preeminently. N 
many years ago it was a waste and anuisance. To-day it riy 
the coal-gas in utility. 

From this dirty black tar, by a series of distillations, 
get benzene and toluene and naphthalene and anthracen 
mention but four important substances—which are the st 
ing-point for countless products of the dye and synthetic dr 
variety. 

Out of benzene, for example, we can get aniline, and 
the latter, Perkin, in 1856, obtained the first artificial dyest 
ever produced. 

Born in England, the dye industry was reared and d 
oped in Germany; and Germany owes much of its greatn 
and very much of its downfall, to it. For the dye industr 
proved a nucleus for many other related industries. Thus a) 
gave rise to the manufacture of sulphuric and nitric acids and 
caustic soda; these in turn to artificial fertilizers, exp! 
and chlorine; and the latter to poison gas with all its con 
tants. The medicine in small doses and the poison in larg 
chlorine as an antiseptic and chlorine as a destroyer—give then 
but the wrong twist, and man’s ingenuity becomes positive! 
harmful. 

Perkin was born in London in 1838. He was the younges 
son of George Fowler Perkin, a builder and contractor, w! 
had apparently decided his son’s future before the latter hac 
discarded his swaddling clothes. Perkin, Jr., was to b 
architect. 

But Perkin, Jr., had not yet decided for himself. Perha) 
it was a street-car conductor one day, a prime minister the nex 
and an engine driver the third. And then again, watching his 
father’s carpenters at work, he wished to become a mechanic 


S every school child knows to-day, the illuminating gag 
A Z 
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f some kind; and plans for buildings fired him with the ambi- 


Ui 


n of becoming a painter. 
In any case, in his thirteenth year he had an opportunity of 
vatching some experiments on crystallization. It goes with- 


it saying that he forthwith decided to be a chemist. 

Were it not that about this time Perkin entered the City of 
London School, and there came in contact with one of the 
science masters, Mr. Thomas Hall, this latest 
have been as fleeting as his previous ones. 

The City of London School, like all important 
institutions of the day, considered science as an imposter 
the day’s attention, poor little Chemistry could b 
nly in the interval set aside for lunch. 

A few boys, and among them Perkin, were sufficiently inter- 
ested to forego many of their lunches and watch “‘ Tommy Hall” 
perform experiments. 

Hall’s infectious personality made young Perkins all-enthu- 
siastic. He was going to be a chemist, and he was going to th 
Royal College of Science, of which, and of its renowned chem- 
ical professor, Hall had told him much. 

Hall’s earnest pleading finally overcame the father’s oppo- 
sition, and in his fifteenth year Perkin entered the College. 
“Mr. W. Crookes,’”* the assistant, was the one immediately 
in charge. 

The head professor was Hofmann, an imported product. 
So suggestive and illustrative were the great chemist’s lectures 
that, in the second semester, Perkin begged and obtained per- 
mission to hear them once again. 

In the laboratory Perkin was put through the routine in 
qualitative and quantitative chemistry, Bunsen’s gas analysis 
methods serving as an appendix. This was followed by a re- 
search problem on anthracene, carried out under Hofmann’s 
direction, which yielded negative results, but which paved the 
way for successful work later. His second problem on naph- 
thylamine proved somewhat more successful, and was subse- 
quently published in the Chemical Journal—the first of more 
than eighty papers to appear from his pen. 

When but seventeen Perkin already had shown his mettle 
to such an extent that Hofmann appointed him to an assistant- 
ship. This otherwise flattering appointment had, however, the 
handicap that it left Perkin no time for research. To over- 
come this the enthusiastic boy fixed up a laboratory in his own 


1 The late Sir W. Crookes. 


curriculum, so that whilst Latin received a considerable 
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home, and there, in the evenings, and in vacation time, th: 
tried explorations into unknown regions. 

The celebrated experiment which was to give the seven! 
year-old lad immortality for all time was carried out 
little home laboratory in the Easter vacation of 1856. It 
from some comments by Hofmann on the desirability : 
possibility of preparing the alkaloid, quinine, artificially. 

Starting first with toluidine, and then, when toluidine ¢ 
unsatisfactory results, with aniline—both being produ 
coal tar—Perkin treated a salt of the latter with bichron 
potash and obtained a dirty black precipitate. 

Dirty, slimy precipitates had been obtained before 
as a rule, been discarded as objectionable by-products. 
kin’s first instinct to throw the “rubbish” away was 0\ 
by a second, which urged him to make a more careful « 
tion. And this soon resulted in the isolation of the fi 


ple or mauve. 

A sample of the dye was sent to Messrs. Pullar, 
with the request that it be tried on silk. “If your di 
does not make the goods too expensive, it is decidedly o1 
most valuable that has come out for a long time ‘oh, 


answer. Trials on cotton were not so successful, mai 
cause suitable mordants were not known. This second 
somewhat dampened the enthusiasm of our young fri 

Nevertheless, Perkin decided to patent the process, : 
possible, to improve the product, as well as to find 
means of application. 

Full of hope and courage, the young lad had decided 
his future on the success or failure of this enterprise. 
going to leave the Royal College of Science, and with t! 
cial backing of his father—who seems to have had a s 
faith in his son’s ability—he was going to build a factor 
the dye could be produced in quantity. 

Hofmann was shown the dye and was told of the res 
The well-meaning professor, who seemed to have 
than a passing fondness for the lad, tried all he could 1 
suade Perkin against any such undertaking. And 
added that in that day, to any man with any practical « 
sense, Perkin’s venture seemed doomed from the start 

A site for the factory was obtained at Greenford Gr 
near Harrow, and the building commenced in June, 1857. 

“ At this time,” wrote Perkin years later, “neither I! 
my friends had seen the inside of a chemical works, and w! 
ever knowledge I had was obtained from books. This, 
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ever, was not so serious a drawback as at first it might appear 
to be: as the kind of apparatus required and the character of 


Lt 


} 


the operations to be performed were so entirely different from 


any in use that there was but little to copy from.” 

“The practical difficulties Perkin had to overcome were such 
that, in comparison, the actual discovery of the dye seems a 
small affair. Since most of the apparatus that was required 
could not be obtained, it had first to be devised, then tested, and 
finally applied. 

Nor was this all. Raw materials necessary for the manu- 
facture of the dye were as scarce as some » elements are 
to-day. Aniline itself was little more than a curiosity, and one 
if the first problems was to devise methods of manufacturing it 
from benzene. 

The country was searched high and low for benzene. Finally 
Messrs. Miller and Co., of Glasgow, were found to be able to 
supply Perkin with some quantity, but the price was $1.25 a 
gallon, and the quality so poor that it had to be redistilled. 

Now the first step in the conversion of benzene to aniline 
was to form nitrobenzene, and this required nitric and sulphuric 
acids in addition to benzene. Here again the market did not 
offer a nitric acid strong enough for the purpose. This had 
first to be manufactured from Chili saltpeter and oil of vitroil 
(sulphuric acid), and special apparatus had to be devised. 

Bechamp’s discovery three years earlier, that nitrobenzene 
could be converted into aniline by the action of finely divided 
iron and acetic acid was now developed for industrial use, and 
here again special apparatus had to be devised. 

To-day the most fundamental operations in every dye fac- 
tory are nitration—the conversion, say, of benzene to nitro- 
benzene—and reduction—the conversion of nitrobenzene to 
aniline. The mode of procedure, the technique, the apparatus 
—all are based on the work of this eighteen-year-old lad. Only 
those who have attempted to repeat on an industrial scale what 
has been successfully carried out in the laboratory on a smal! 
scale, will appreciate the difficulties to be overcome, and the 
extraordinary ability that Perkin must have possessed to have 
overcome them. Think of a Baeyer who synthesized indigo in 
his university laboratory, and then think of the twenty years 
of continuous labor that was required before the Badische Ana- 
lin Fabrik, with its hundreds of expert chemists and mechanics, 
was in a position to produce indigo in quantity. And it would 
have taken them and others much longer, but for the pioneer 
work of young Perkin. 

Some have described Perkin’s discovery as accidental. Per- 
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haps it was. But consider the way it was perfected and n 
available; consider with what extraordinary ability every 
lated topic was handled; consider how every move was a: 
move, with no previous experience to guide him; and wh 

one endowed with the quality of genius could have overcom: 
this? Hertz discovered the key to wireless telegraph 
Marconi brought it within reach of all of us; Baeyer first 
thesized indigo, but the combined labors of chemists 
largest chemical factory in the world were necessary 
artificial indigo began to compete with the natural pro 
Perkin both isolated the first artificial dyestuff and ma 
useful to man. 

In less than six months aniline purple—“ Tyrian pur 
it was at first called—was being used for silk dyeing in a Mr 
Keith’s dye-house. The demand for it became so great 
many other concerns in England, and particularly in Fra 
began its manufacture. In France it was renamed “mau 
and “mauve” it has remained to this day. 

Perkin’s improvements continued uninterruptedly, and 
financial success grew beyond all expectations. He found t 
the uneven color often obtained in dyeing on silk could |} 
tirely remedied by dyeing in a soap bath. The use of tannin as 
one of the mordants made it applicable to cotton, and s! 
of various kinds and depths of any degree could be attai: 
without any difficulty. A process for its use in calico print 
was also worked out successfully. 

When, three years later, Verguin discovered the imp 
magenta—or, as it is sometimes called, fuchsine—and later st 
Hofmann, his rosaniline, various details in the manufactur 
mauve and its application to silk, cotton and calico print 
were appropriated bodily. 

Young Perkin had given tremendous impetus to research 
pure and applied chemistry. In the preparation of dyes, s 
stances which had, until then, been curiosities, had now bec 
necessities, and methods for their preparation had to be 
vised. This led to incalculable research in organic chemist 
In fact, it is hardly too much to say that the basis for m 
the development in organic chemistry since 1856 lies in Perki 
discovery of mauve. 

Industry has not been the only beneficiary. It will be 
membered that using the dye, methylene blue, as a staini 
agent, Koch discovered the bacilli of tuberculosis and cho! 
And coal-tar dyes are to-day used in every histological and b 
teriological laboratory. 

So rapid had been the progress of the industry that in 1 


Qf) 
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Perkin, who, though only twenty-three, was already recognized 
as the leading English authority, was asked by the Chemical 
Society to lecture on coloring matters derived from coal-tar, 
and on this occasion the great Michael Faraday, who was pres- 
ent, warmly congratulated Perkin upon his fine lecture. 

Such dimensions has the coal-tar industry assumed since 
then that in 1913, at one single factory, the Baeyer works, in 
Elberfeld, Germany, there were employed 8,000 workman and 
330 university-trained chemists. 

Says Punch: 

There’s hardly a thing that a man can nam 
Of use or beauty in life’s small game 

But you can extract in alembic or jar 

From the “ physical basis ” of black coal-tar 
Oil and ointment, and wax and wine, 

And the lovely colors called aniline; 

You can make anything from a salve to a star, 
If you only know how, from black coal-tar 


_ 


In his little laboratory at the factory the various attem} 
made in improving the methods of manufacture were not the 
only time-consuming factors. The chemical constitution o 
mauve and related dyes, as well as purely organic question 
not in any way related to dyes, also engaged Perkin’s atten- 


¢ 
i 


| 


tion, and he began to contribute what was to prove an uninter 
rupted stream of papers to the Transactions of the Chemical 
Society. In 1866 he was elected to a fellowship in the Royal 


‘ 


Society. 

The year 1868 is memorable in the annals of chemistry as 
dating the first artificial production of alizarin, the important 
coloring matter which until then had been obtained exclusively 
from the madder root. This great triumph was due to the 
labors of Graebe and Liebermann. But the triumph for the 
time being was purely a scientific one. The process as worked 
out by these two chemists was far too costly to compete with 
the method used in extracting the dye from the madder root. 

The starting point to the artificial production of alizarin 
was anthracene, another important coal-tar product. It so hap- 
pened that the first piece of research Perkin had ever been con- 
nected with was related to anthracene, a topic taken up on the 
recommendation of his teacher, Hofmann. Naturally, Graebe 
and Liebermann’s synthesis aroused his interest. He wished to 
find some method of producing it at less cost. 

In less than a year Perkin had solved the problem. A modi- 
fication of the method dispensed with the use of bromine, which 
was very costly. A patent was taken out in June, 1869, at about 
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the same time that Perkin’s process had been discovered quit 
independently by Graebe, Liebermann and Caro. 

Just as in the case of mauve, the supply of raw mat 
and the mastery of technical details, involved much labor 
ingenuity. 

To begin with, a constant and generous supply of a) 
cene was necessary. But where was this to be had? Th: 
distillers had had no use for it, and had not troubled to sena) 
it in the distillation of tar. Many, indeed, there were a: 
them who did not even know of its existence. 

With the help of his brother the various distillers 
country were visited and the method of isolating the anthr 
from the tar distillate was shown them. The promise t} 
anthracene thus obtained would be bought and paid 
erously assured the Perkins of a plentiful supply. 

The purification of the anthracene so obtained, the 
of the entire process of manufacturing alizarin and the ¢ 
of apparatus to be employed, were all exhaustively inv 
gated. By the end of 1869 one ton of the coloring matter in 
form of a paste had been made. This was increased to 40 t 
in 1870, and to 220 tons in 1871. Until 1873, when the Germans 
also began manufacturing it, the Greenwood Green works vw 
the sole suppliers. 

In 1874 Perkin sold his factory, and from henceforth d 
voted himself exclusively to pure research. 

Perkin exemplifies the type, more common than is 
supposed, though one entirely beyond the comprehension 
average business man, who loves the quiet pursuit of resea 
beyond aught else. Perkin exploited his discovery solely wit! 
the view of providing himself with an income, modest in t! 
extreme, but sufficient for his extremely simple wants. To e 
plore unknown fields at leisure and to be freed from all mon 
matters whilst doing so were his aims. 

When Perkin left the Royal College of Science at sevente: 
he had this in mind. Financial insecurity may spur one on, but 
to give the very best that is in one requires freedom from suc! 
burdens. 

What led him to give up the factory and to devote him 
exclusively to pure science was sheer love of the subject. It 
the type of love which, when associated with genius, has lec 
to the world’s greatest literary and artistic productions. 

After 1874 Perkin moved to a new house in Sudbury, and 
continued to use the old one as the laboratory. 

His research work from now on touched but lightly upon 
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the dye situation. Until 1881 it centered much around the 
action of acetic anhydride on a group of organic compounds 
known as aldehydes. The first important result that was hers 
achieved was the synthesis of coumarin, an odorous substance 
found in the tonka bean. This was the first case of the produc- 
tion of a vegetable perfume from a coal tar product. 

These researches culminated in the now classical “ Perkin’s 
Synthesis ” of unsaturated fatty acids—a group reaction which 
is studied by every student in chemistry to-day. 

In 1879 Perkin was the recipient of the Royal Medal of the 
Royal Society, the other awards of the year going to Clausius, 
for his investigation of the mechanical theory of heat, and 
Lecoq de Boisbourdron, for the discovery of the element 
gallium. The president addressed Perkin as follows: 


Mr. William Perkin has been, for more than twenty years, one of the 
most industrious and successful investigators of organic chemistry. 

Mr. Perkin is the originator of one of the most important branches 
of chemical industry, that of the manufacture of dyes from coal-tar 
derivatives. 

Forty-three years ago the production of a violet-blue color by the addi- 
tion of chloride of lime to oil obtained from coal-tar was first noticed, and 
this having afterwards been ascertained to be due to the existence of the 
organic base known as aniline, the production of the coloration was for 
many years used as a very delicate test for that substance 

The violet color in question, which was soon afterwards also produced 
by other oxidising agents, appeared, however, to be quite fugitive, and the 
possibility of fixing and obtaining in a state of purity the aniline product 
which gave rise to it, appears not to have occurred to chemists until Mr. 
Perkin successfully grappled with the subject in 1856, and produced the 
beautiful coloring matter known as aniline violet, or mauve, the produc 
tion of which, on a large scale, by Mr. Perkin, laid the foundation of the 
coal-tar color industry. 

His more recent researches on anthracene derivatives, especially on 
artificial alizarine, the coloring matter identical with that obtained from 
madder, rank among the most important work, and some of them have 
greatly contributed to the successful manufacture of alizarine in this 
country. 

Among the very numerous researches of purely scientific interest 
which Mr. Perkin has published, a series on the hydrides of salicyl and 
their derivatives, may be specially referred to; but among the most prom- 
inent of his admirable investigations are those resulting in the synthesis 
of coumarin, the odoriferous principle of the tonquin bean and the sweet- 
scented woodstuff, and its homologues. 

The artificial production of glycocoll and of tartaric acid by Mr. Per- 
kin conjointly with Mr. Duppa afford other admirable examples of syn- 
thetical research. .. . 

It is seldom that an investigator of organic chemistry has extended 
his researches over so wide a range as is the case with Mr. Perkin, and his 
work has always commanded the admiration of chemists for its accuracy 
and completeness, and for the originality of its conception. 

VOL vu.—16. 
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In 1881, Perkin turned his attention in an entirely 
direction, that of the relationship between the physical pro; 
erties and the chemical constitution of substances. Gladsto) 
Briih] and others were already busy connecting such physi 
manifestations as refraction and dispersion with chemica] 
stitution. Perkin now introduced a third physical property, 
first discovered by Faraday: the power substances possess of ro- 
tating the plane of polarization when placed in a magnetic fi 

With this general topic Perkin was engaged to the year 
his death. His work has thrown a flood of light upon th. 
stitution of almost every type of organic compound, some, such 
as acetoacetic ester and benzene, being of extraordinary fasci 
nation to every chemist. 

There are chemists—and H. E. Armstrong is among then 
who regard this phase of Perkin’s life work as his crowning 
achievement. If it has not received such general! recognition as 
his earlier work, that is to be largely ascribed to a | 
knowledge of physics which prevailed among chemists unt 
quite recently. However, even as far back as 1889 Perkin was 
presented with the Davy Medal of the Royal Society as : 
ward for his magnetic studies. 

The year 1906 marked the fiftieth anniversary of 
founding of the coal-tar industry, and the entire scientific world 
stirred itself to do honor to the founder. A meeting was h 
on July 26 of that year at the Royal Institution in London, over 
which Professor R. Meldola, the then president of the Chem 
Society, presided, and those in attendance included some of t! 
most distinguished representatives of science in the world. 

The first part of the meeting consisted in the presentatio! 
of his portrait (painted by A. S. Cope, A.R.S.) to the guest 
the evening. A bust of Perkin (executed by Mr. Pomeroy, 
A.R.A.), for the library of the Chemical Society, was nex' 
shown. In addition the chairman stated that a fund of several 
thousand pounds had been collected for the endowment 
chemical research in the name of “Sir William Henry Perkin” 
(he had been knighted in the meantime). 

Professor Emil Fischer, president of the German Chi 
Society, presented to Perkin the Hofmann Medal, which was 
accompanied with this address: 

Die Deutsche Chemische Gesellschaft hat Herrn Dr. W. H. Perkir 
London Fiir ausgezeichnete Leistungen auf dem Gebiete der Orga! 
Chemie, in besonderen fiir die Begriindung der Teerfarben-Industr 


Hofmann-Preis verliehen. Berlin, im Juli, 1906. Der Prisident 
Fischer. Die Schriftfiihrer: C. Schotten, W. Will. 
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Professor A. Haller, representing France, presented Perkin 
with the Lavoisier Medal, with this address: 


La Société Chimique de Paris, a l'occasion du Ji ti 
célébrer la cinquantiéme anniversaire de la premiére matiére coloranté 


dérivée de la houille, et comme témoignage de haute time pour ses 
travaux, est heureuse d’offrir au Dr. William Henri Perkin, Inventeur d 
la Mauvéine (1865), sa Médaille de Lavoisier a l’effigie de celui qui fut 
l'un des premiers et des plus illustres applicateurs des Sciences Chimiques 

Yindustrie et a la prospérité publiques. Le Secrétaire-Général: A 
Béhal. Le Président de la Société Chimique de Paris: Armand Gautier 
Juillet, 1906. 


Addresses were also delivered by Dr. Baekeland, represent- 
ing the chemists of America; Professor Paul Friedlander, on 
behalf of the scientific and technical chemists of Austria; Pro- 
fessor P. Van Romburgh, Holland; Professor H. Rupe, Switzer- 
land: Lord Kelvin, representing the Royal Society: and Pro- 
fessor Meldola, on behalf of the English Chemical Society. 

A passage from the Chemical Society’s report is worth 
quoting: 

. . » However highly your technical achievements be 
who have been intimately associated with you must feel that the example 
which you have set by your rectitude as well as by your modesty and sin- 
cerity of purpose is of chiefest value. That you should have been able, as 
a very young man, to overcome the extraordinary difficulties incident to 
the establishment of an entirely novel industry fifty years ago is a clear 
proof that you were possessed in an unusual degree of courage, inde- 
pendence of character, judgment, and resourcefulness; but even more 
striking is your return into the fold of scientific workers and the ardor 
with which you have devoted yourself to the prosecution of abstract 
physico-chemical inquiries of exceptional difficulty. In the account of 
your renowned master, Hofmann, you have stated that one of your great 
fears on entering into technical work was that it might prevent your 
continuing research work; that you should have felt such regret at such a 
period is sufficiently remarkable, and it must be a source of enduring satis- 
faction to you to know that your later scientific work deserves, in the 
opinion of many, to rank certainly no less than your earlier 


How much Perkin was appreciated in Germany, where the 
coal-tar industry had developed into such gigantic proportions, 
is shown by the delegation that came from that country. There 
were Professor Bernthsen, Dr. H. Caro and Dr. Ehrhardt, of 
the Badische Analin und Soda-Fabrik; Dr. Aug. Clemm, Herr 
R. Bablich, and Dr. E. Ullrich, Farbwerke, Meister, Lucius, and 
Briining; Dr. Klingeman, Casella and Co., Professor Carl Duis 
berg and Dr. Nieme, Farbenfabriken, Elberfeld, and Professor 
Liebermann—in short, the cream of Germany’s industrial chem- 
ical fraternity. 
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And there were messages from Professor Beilstein (Pet; 
grad), Professor Ciamician (Bologna), Professor Canizzar 
(Rome), Professor Jorgensen (Copenhagen), Professor Taka- 
yama (Tokyo), Professor Adolf Baeyer (Munich). Profess 
J. W. Brihl (Heidelberg), Professor G. Lunge (Zurich). a) 
Professor Hugo Schiff (Florence)—an international band 
illustrious scholars. 

In the autumn following the jubilee celebrations in Lond 
Sir William Perkin accepted an invitation from the Ameri 
committee to visit its shores. Various gatherings were 
in his honor in New York, Boston, Washington, etc. 

In New York a dinner was tendered him at Delmoni 
with the veteran Professor Chandler, of Columbia, in the chair 
Dr. W. H. Nichols presented him with the first impress of 
Perkin Medal, since awarded annually to the American chemis: 
who has most distinguished himself by his services to app 
chemistry; and Dr. W. F. Hillebrand, then president of 
American Chemical Society, presented the diploma of honora: 
membership of the society to the guest of the evening. Other 
speakers included President Ira Remsen of Johns Hopkins, 
Professor Nernst of Berlin, and Dr. W. H. Wiley, chief chemist 
of the Department of Agriculture, Washington. 


Aside from his scientific achievements Perkin’s life was 
extremely uneventful. To him science was his life, and 
seems to have had no avocation. We find no romantic dash, n 
such many-sidedness, as characterized his great countryma: 
Ramsay, for example. With modesty carried to the extren 
only the privileged few knew anything of the man, and eve! 
Professor Meldola, an intimate friend of many years’ standi! 
could give but few personal touches of the man in his otherw 
excellent obituary address, delivered to the members of 
Chemical Society. “... I thank God, to whom | owe eve! 
thing, for all His goodness to me, and ascribe to Him all t! 
praise and honor.” This was Perkin’s review of his life 
1906. A blameless Christian, a perfect gentleman, a fine ty] 
of the old conservative, he lived unobtrusively, worked quiet 
and intensively, worshiped God, and respected his neighbor. 
To us, living in days of turmoil and upheaval, such a personag' 
already belongs to an age long past. 


Tr 


Perkin was twice married. His first wife was a daughte! 
of the late Mr. John Lisset. Some years after her death | 
married a daughter of Mr. Herman Molwo. Mrs. Perkin, thr 
sons, and four daughters, survive him. 
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His sons are all noted chemists. One of them, Arthur 
George, is a technical expert, and another, William Henry, is 
professor of chemistry at Oxford. This Oxford professor is 
without doubt the foremost organic chemist in England to-day. 
His work on polymethylenes, alkaloids, camphor, terpenes, etc., 
is of the highest order. 

Like that other grand Englishman, Darwin, Perkin. the 
genius, begot Perkins of genius. Not always are the gods so 
kind to the children of geniuses. 


To great ends and projects had thy life been giver 
Right well and nobly has the goal been won; 
For this, O Great Discoverer, thou hast striven: 
Take, then, our thanks, for all that thou hast do: 
(Nora Hastings,—dedicated to Perkin) 
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THE PSYCHOLOGICAL MOMENT 


By Dr. HARRY D. KITSON 
UNIVERSITY OF CHICAGO 


NE of the expressions most frequently heard in these days 
() of catchwords and high-sounding phrases is the term, 
“psychological moment.” The term is applied to the most 
widely varying circumstances, from such relatively inconse- 
quential affairs as the feeding of the baby to such momentous 
events as the precipitation of a World War; it is applied wit 
equal readiness to the moment when the astute evangelist feels 
it proper to urge his hearers to hit the sawdust trail, and to 
time when the seducer feels he may without fear of rebuff press 
his victim to take the first drink. No kind of human affair 
appears too sacred and no kind too frivolous to be exempt fro 
the influence of the psychological moment. As further e 
dence of the aptness of the term to cover a multitude of sit 
tions we find it applied to affairs in which there is no psychic: 
factor whatever, such as a rain so timed as to save a corn-crop, 
or to the eruption of a geyser. From these instances we s 
that the term is a very useful one, playing a large part in t! 
speech and thought of the day. True, it smacks somewhat 
esotericism, but such connotation is belied by the fact that th: 
term is not employed exclusively by savants, but is employed 
with equal glibness by the man of the street and even by hig 
school students. 

Despite the popularity of the term it is likely that those w!] 
hobnob with it would be at a loss if asked to define it and giv: 
its characteristics. This is not to be wondered at, for the events 
that occupy such a moment are essentially psychic; they can not 
be touched and handled but only felt, and feelings are hard t 
describe. Most people would probably describe the moment as 
a time when some important issue hangs in the balance; as : 
time just preceding events of great consequence, when anything 
which is done has a serious effect upon succeeding events. An 
introspective account might employ such terms as “ delicacy | 
equilibrium ” and “nice adjustment of motives.” It is a tim 
when receptive and active processes are in abeyance to such a 
extent that we can “hear a pin drop.” Then something occurs 
to break the tenseness, a change in action or feeling ensues and 
the moment is over. It has been noted in literature by Shake- 


speare who calls it 


( 


t 
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a tide in the affairs of men, 
Which taken at the flood, leads on to fortune. 

Napoleon pointed out its importance in deciding the fate 
of battles: 

In all battles, a moment occurs when the bravest troops .. . feel in- 
clined to run. That terror proceeds from a want of confidence in their 
own courage; and it only requires a slight opportunity, a pretense, to 
restore confidence to them. At Arcola I won the battle with twenty-five 
horsemen. I seized that moment of lassitude, gave every man a trumpet, 
and gained the day with this handful. You see that two armies are two 
bodies which meet and endeavor to frighten each other; a moment of panic 
occurs, and that moment must be turned to advantage. When a man has 
been present in many actions he distinguishes that moment without diffi- 
culty; it is as easy as casting up an addition. 

But so important a factor in human affairs deserves more 
than such passing comment. A psychic phenomenon so fraught 
with possibilities for action and feeling challenges serious at- 
tention and scientific analysis if we are to attain skill in con- 
trolling it. 

In making a scientific classification of the states of mind 
that are most often accompanied by the moment we should 
designate them as feelingful and volitional. Examples of the 
former are numerous in the drama when the audience sits spell- 
bound through a tense scene until the climax comes, which is 
nothing but the psychological moment. Examples of the latter 
may be found when not feeling but decision and action mark the 
critical change. Foz the sake of concreteness, let us take a voli- 
tional situation in which the presence of the psychological mo- 
ment is clearly to be discerned. One of the best examples is 
the sale, for here are found the accompaniments of the psycho- 
logical moment in all their poignancy. Furthermore, the proc- 
ess of selling touches so intimately the experience of every one 
that a psychological analysis of it will have intrinsic interest 
apart from its value in illustrating the theoretical aspects of the 
psychological moment. 

The psychology of the sale is a most fascinating subject and 
deserves more lengthy consideration than can be given here. 
We must content ourselves in this illustrative treatment with 
the statement that a sale psychologically considered is a series 
of progressive mental changes on the part of the buyer, leading 
to an act of will which culminates in satisfaction. This defini- 
tion will serve for every deliberated sale, whether it involves 
the purchase of a stick of candy or of an automobile. The task 
of the salesman throughout is to develop certain states of mind 
on the part of the buyer, all leading to the final mental state. 
The act of will is our present concern. True, its adequate anal- 
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ysis requires a thorough study of the psychology of voliti 
which is beyond the scope of our present purpose, but w 
confine ourselves merely to one stage in its progress. 

The first principle of voluntary action to be considered 
that before such an action can occur there must be in the 
an idea or thought of the act. An idea of the end to be attai) 
must inevitably precede the attainment of an end. For exam; 
in such a simple act as drawing a straight line, the direct 
with which one reaches the end of the line depends upon ¢ 
intentness with which one keeps in mind the idea of th 
It is the anticipation of the effects of an act that is th 
cursor of a voluntary act. Applying this principle to a sak 
see that the idea of purchase must be present, hence th« 
task of the salesman is to inject it into the mind of the bu 
So important is this initial idea that we shall hereaft: 
rhetorical purposes personify It and speak of It in capit 
though the reader is warned that such practice is str 
frowned upon in orthodox psychological circles. We shall tak 
this liberty, however, for in these days when the psychologi 
aspects of business operations are only dimly recogniz 
should be pardoned if we state things with slightly bizarr 
effect, in our efforts to show their importance. But apart from 
such claims to anthropomorphism, the Idea is important enough 
on other grounds to deserve capitalization, for sometimes It 
able to set off our actions almost automatically. Through 
kind of action technically known as “ dynamogenesis,” It occa- 
sionally passes over into action immediately and many sales 
occur without the exertion of any effort on the part of a sales- 
man. For example, the Idea, “baseball score” is strong 
enough in its own right to lead us without further locution of 
thought, to reach into our pocket for a coin and buy a paper. 
Such a purchase is so shorn of voluntary characteristics as not 
to furnish us with an illustration of the psychological moment. 
But not all sales are of this “hair-trigger”’ type, and most Ideas 
even though carefully implanted in the mind do not lead directly 
to purchase but require manipulation. Indeed such is the cas' 
with all our deliberative sales, and an analysis of the fortunes 
of the Idea will lead us to our goal, the psychological moment. 

The word analysis is used advisedly, for it indicates the tru: 
condition of affairs, namely, that at time of a sale there is mor 
than one Idea in mind; there are many ideas there, each one poten- 
tial of initiating appropriate action, and if any single purchase is 
to be consummated the corresponding Idea must be strengthened 
and the other ideas, eliminated. Accordingly, we see that | 


roth : 


psychological terms the problem in making a sale is to stren: 
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the central Idea in the mind of the buyer. How this may be 
done is a tale full of dramatic situations. Take, for example, 
the sale of an automobile. The buyer enters the salesroom 
already inoculated with the Idea of purchase. But, alas, he 
comes with many other ideas in his mind at the same time. He 
has, for example, an idea as to how his bank account will be 
depleted if he purchases a car; on the other hand, he has an idea 
of the pleasures which attach to motoring. Again, in addition 
to the Idea of this particular Car he has ideas about several 
other cars—lower-case i and c this time—which he has examined 
or intends to examine. All these ideas and many others throng 
upon his mental field until if it were graphically represented it 
would resemble a full-moon containing a central circle, freckled 
with numerous circlets of different sizes representing the ideas 
with their different strengths. It will be seen that these ideas 
bear different relationships to the central idea, some being 
hostile, others sympathetic. Whether they hinder or help they 
must be reckoned with and must be manipulated to the glory of 
the Idea, which must be nourished and expanded to such a de- 
gree that its bulk will crowd out all the other ideas. This task 
of nourishment confronts every salesman; indeed, from the 
psychological standpoint the salesman is not a vender of auto 
mobiles but a manipulator of ideas. His task is to fan the 
flame of the Idea until it becomes to the buyer the consuming 
interest in life. Beside it, everything must shrink to nothing- 
ness—the about-to-be-ravaged bank-account, the heart-rending 
burden of upkeep, the mortgage on the house, last year’s unpaid 
coal-bill—all must be forgotten in the overpowering compulsion 
of the Idea. And the Idea must remain the greatest thing in 
the world long enough for the purchaser to sign his check or 
sign the pay-as-you-use contract. 

To a superficial view the task of the salesman might seem to 
be that of taking hold of these unwelcome ideas and thrusting 
them into outer darkness, but such a conception is erroneous 
and will lead to egregious error. If the mind of the buyer con- 
tains the idea of another car the proper procedure is not to 
dilate negatively upon that car in the effort to drive it out of his 
mind. Every word uttered about that car acts as food for the 
unwelcome idea and causes it to wax larger and larger. The 
practise of criticizing or condemning a rival commodity is being 
recognized as poor business ethics, but we may go still farther 
and say that to speak either in praise or blame of rival goods 
is poor psychology, for every word makes the undesired idea 
still more troublesome. 

What are the methods, then, by which the undesirable ideas 
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may be forced out of the mind and the desired one enhanced? 
The answer is to force all attention upon It and when this 
happens, the strength of the undesired ideas automatica 

decreases. The psychological situation may become clearer 
when described in terms of brainenergy. The brain, accord- 
ing to some psychologists, is organized into a number of idea- 
tional systems, one for each idea that exists in the mind. An 


into it of brain energy. Now the energy of the brain may | 
distributed in various amounts over different systems, 
amount in each system depending upon the strength of the « 
responding idea. In the case of our sale, if the main Idea is ¢ 
grow in strength its brain-system must drain off from t} 
other systems the brain energy resident within them until t 
energy of the brain is all drained off into the one syst 
which means the triumph of the Idea. 

Reverting to our psychological description of the sak 
might pause at this stage and elaborate upon methods 
strengthening the Idea, but that would require a digressior 
from our main interest—the psychological moment. Suffic: 
to say the process consists in using concrete material with 
which to embellish the Idea. The salesman must dilate u) 
the specific virtues of the car, upon the power and smoothness 
of the engine, the luxurious ease of the springs, the elegar 
of the upholstery; then he must attach as allies to the Idea, t! 
subsidiary ideas that lurk sympathetically in the backgrou: 
of the mind of the buyer, showing how the car may be used ¢ 
transport oneself and family to sylvan spots, how it may ass 
one to radiate an air of prosperity, and the like. And wit 
each increment added to the strength of the Idea there is 
corresponding diminution in the strength of the undesirab 
ideas until finally they all dwindle away, and the Idea is left 
with undisputed sway. 

But we have been moving too rapidly in our descripti 
and have passed over the magic moment. It comes just bef 
the Idea bursts forth into action, when there is only a vestig 
of a contradictory idea making a last valiant stand against 
annihilation. And what a desperately uncertain period it 
and how the soul of the salesman is wrung with anguish! 
Though outwardly calm, he is inwardly consumed with anxiet 
Will the carefully nourished Idea be powerful enough to rout its 
last bold opponent or will some hostile idea by a sudden sal! 
pierce its none too sound armor? He realizes also the extreme 
delicacy of the moment and prays heartily that no untowar 


brain 


stimulus may arise to disrupt the delicate balance of br: 


rep 
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energy. He knows from bitter experience how small a thing 
nay destroy his work. He has seen many an “ otherwise per- 
fectly good sale” lost because of an empty fountain-pen, a tele- 
phone call, a baby’s cry, an accident in the street. Anything, 
however unrelated to the commodity, may spoil the sale. Any 
salesman can describe a score of such catastrophes which make 
him assert that the psychological moment is the most critical 
stage in the sale. And he does not overstate the fact. The ex- 
perience of sales managers goes to show that the salesmen who 
fail are deficient most frequently in ability to get past the 
psychological moment. They make a good approach, arouse in- 
terest in the goods and create strong desire, but are unable to 
make a good closing. They err in two ways—in trying to force 
a decision too soon, before the Idea has had time to reach its 
maximum dimensions, or in delaying to press for a decision 
until after the Idea has ripened and decayed. In either case, 
their error lies in a failure to recognize the psychological 
moment. 

How may one recognize the psychological moment and how 
may one cultivate a sensitiveness for its approach? Undoubt- 
edly there are signs that accompany it, for successful salesmen 
sense it readily. Their awareness of it, however, is not a 
vividly self-conscious matter, for they can not tell how they 
recognize it. If pressed for a description of their method, they 
would probably say, by intuition, and this may serve as well as 
any other word. But the process of intuition may be further 
analyzed and is found to be a process of conscious apprehension 
through sense avenues which we all possess. Many of the 
things that warn of the approach of the moment in the sale are 
small involuntary movements on the part of the buyer, such as 
slight inclinations of the head and trunk, minute contractions 
and relaxations of bodily muscles. Even so slight a change as 
that in the size of the pupil of the eye may serve to indicate to 
the practised salesman that the portentous moment has arrived. 
Other more obvious signs may consist of verbal responses of the 
buyer, for the skilful salesman does not do all the talking in 
engineering a sale; instead he throws out frequent feelers in the 
form of questions, and by the warmth of the response, can 
judge how nearly a decision has been reached. A hundred cues 
such as these are present and are automatically used by the 
expert salesman in regulating his conduct when the moment 
arrives. 

Upon recognizing the moment what steps may the salesman 
take to see that it is passed most auspiciously? Our psycho- 
logical analysis just completed will suggest several steps that 
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may be taken to increase the chances of success. One measure 
of prime importance is to stage the sale so that there wil] b 
disturbances while it is in progress; for we have seen that : 
disturbance, no matter how trivial, means the introduction of : 
new idea into the mind of the buyer and a dislodgment of 
balance of brain energy. In view of such danger the salesm 
should carefully isolate his buyer and separate him from thing 
and people. This is the great psychological advantage of usi) 
a hotel show-room. 

Another prophylactic measure is to have conditions fay 
able for immediate consummation of the sale. There must 
no awkward delay when the moment arrives. The cor 
should be ready and the writing utensils at hand. All sh 
move as smoothly as a theatrical preformance. Indeed, a s: 
in many ways resembles a drama and should be rehearsed yw 
equal propriety. 

As a third way of meeting the moment the following p! 
may be recommended: Assume that the sale is made—that 1 
purchaser has decided to buy; and this will be true if the sal 
man has judged the moment rightly. He might indicate ¢! 
he knows the decision has been made by the wording of his next 
remark: Which color of upholstery do you prefer? or, Do you 
wish immediate delivery? Or sometimes, his remarks should 
be so put as to commend the decision which he knows has be: 
made. Careful observation will show that many purchasers, 
after having made up their minds, really desire to be talked t 
for a while in order to hear their choice justified ; so very often 
such a line of talk is the best accompaniment to the psyc! 
ical moment. 

This brief attempt to characterize the psychological momen 
has shown that it is a common phenomenon of menta! life; that 
whenever it occurs, it marks a time of great importance in 
human affairs; that it is a period of very delicate equilibrium t 
be met with great sagacity and cunning. By means of our 
homely illustration taken from the everyday business of selling, 
we have seen that in spite of the occult connotation of the term, 
the phenomenon is not a miracle to be controlled by a few 
gifted initiates possessing mysterious powers of divination, but 
that it is a natural occurrence resulting from a clash of id 
under important circumstances ; that it exhibits itself in 
able changes in human behavior, readily apparent to any 
who will study them. To one who thus recognizes the pres' 
of this interesting psychological phenomenon and seeks 
understand it, is given a new conception of the significance 
human behavior and a vision of far-reaching possibilities 
influencing and controlling it. 
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THE SUN, HEALTH AND HELIOTHERAPY 


By GUY HINSDALE, A,M., M.D. 


HOT SPRINGS, VA., ASSOCIATE PROFESSOR OF CLIMATOLOGY IN THE UNIVERSITY 
OF PENNSYLVANIA 


rWNHE relation of the sun to human health and the vital func- 
| tions is of such great importance that any phase of this 
subject is deserving of serious consideration. We are accus- 
tomed to accept, without question, the beneficent influence of 
solar light and heat, knowing as we do that actinic and chemical 
solar rays are necessary for the maintenance of animal and 
vegetable life upon our globe. These influences reveal them- 
selves in greater or less degree according to the seasons and 
in the various zones into which we are accustomed to divide 
time and place in our planetary existence. 

But meteorologists and astronomers and students of geo- 
physics are constantly dealing with problems of more subtle 
type and have devised instruments, the very names of which 
are scarcely known beyond the physical laboratories and obser- 
vatories now maintained for research in these hidden realms of 
the solar and terrestrial forces. Among them we may mention 
as preeminent in this field the Carnegie Institution of Washing- 
ton, with its department of research in terrestrial magnetism; 
the geophysical and physico-chemical laboratories; and the 
solar observatories on Mount Wilson, in California, and at 
Calama, Chile, belonging to the Smithsonian Institution. We 
have also the United States Weather Bureau with its trained 
experts and well-equipped research laboratories and observing 
stations ; and the Smithsonian Institution with its astrophysical 
observatory at Washington. The British Empire has its Royal 
Meteorological Society, with observatories at Kew, Greenwich 
and Stonyhurst; France, its Société Astronomique under the 
direction of the distinguished M. Flammarion and, in addition, 
the Bureau Central Météorologique. 


Some have supposed that the sun’s electric energy has an 
influence upon human health and vital functions at the earth’s 
surface, so the author made inquiry of the directors of these 
institutions and laboratories which have been enumerated. It 
would appear, however, that the value generally assigned to 
this phase of the sun’s energy at our distance from it, approxi- 
mately 93,000,000 miles, is small. 
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In conversation with the late Professor Cleveland Abbe. of 
the Weather Bureau, he told the writer that we have ver 
knowledge of the sun as a source of electric energy except as it 
affects our magnets. It is an immense source of energy: but 
the gravitational or potential, thermal, optical, actinic and mag- 
netic effects are the only ones that have as yet been measured. 
The electromagnetic influences of the sun and moon on 
magnetic needle at the earth’s surface have been observed { 
many years and a magnetic influence may also be attributed ¢ 
the same forces that produce the sun spots. This is a manifé 
tation of electric energy transformed into magnetism. 

m 11. Pre Whenever so-called mag- 
y, yan netic storms are manife sted 
e ili either by the auroral light, « 

‘by disturbance on our telegraph 
wires or ocean cables, these ar 
explicable in general as th 
transformation of waves of 
electric influence or energy, 
analogous to those that ar 
used in our aerial or wireless 

Tuly telegraphy; but measurements 
of their intensity have as yet 
been confined to the Department 

of Terrestrial Magnetism. 

Nee 





On applying to the Bureau 
of Standards, Washington, Dr 
S. W. Stratton, the director, 
said that there appears to be n 
4an doubt that the magnetic field at 
tar the earth’s surface is affected 
by disturbances upon the sun; 


° 2 4 a 2 . . 41 , ‘ 
siialliesbe ” italics a the electrical field in the earth’s 


ta ale affactad ; 
SUMMARY OF OBSERVATIONS AT THBP atmosphere is also affected, a 


Kew Onservatory, ENGLAND. Dr.Chree. least indirectly, by the radiatior 


Diurnal Variation in Terrestrial Mag- . Fart 
netism. The scale is indicated by the from the sun. Those aaah 


line showing the length equivalent to50 are revealed by the observa 
volts. (Volts per meter.) . . ; 
tional study of terrestrial mag 
netism and of atmospheric electricity. As the action of any of 
these fields or of their changes upon health is independent of the 
source of the fields or of their changes, a simple problem would 
involve ignoring the source, whether the sun or something e'se, 
and seeking merely the relation between health and the mag- 
nitude and variation of these fields as observed on the earth. 
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According to George Mahomed, of Bournemouth, who has 
summarized the daily and monthly observations made by Dr. 
Chree, the director of the Kew Observatory, the fluctuations in 
davs and months are very considerable. They show a diurnal 
variation. The maximum of potential occurs in the summer 
months at about 8 A.M., and between 8 and 10 P.M. In the win- 
ter the maximum is about 10 A.M. and the evening maximum 
at between 6 and 8 P.M. The readings are always higher in 
winter than in the summer. The morning minimum is about 
4 a.M., throughout the year; the afternoon minimum is usually 
about 2 P.M. In the winter the weather conditions which ac- 
company a high barometer favor the existence of high values 
and big diurnal changes in the potential. But in summer the 
barometric readings and the mean, the range, of daily varia- 
tions of potential maximum seem to have no relation. A high 
potential occurs indifferently with a high or low barometer.’ 

It is admitted that the earth is negatively electrified and the 
atmosphere positively. This negative electrification of the 
earth is probably not uniform and we know that currents of 
greater or less intensity exist. The states of atmosphere vary 
considerably in the amounts of positive electricity they hold; 
but owing to the proximity of these differently electrified bod- 
ies there is a strain between them to establish an equipoise or, 
in other words, the tension may at times be broken by the 
earth giving up negative electricity and the atmosphere giving 
up positive electricity in order to form an equilibrium. The 
intensity with which this seeks to be established is called poten- 
tial. The electroscope shows this by the behavior, the diver- 
gence, of the gold leaf. Mahomed illustrates very well this 
matter of potential by depicting a pointed, towering rock that 
tends to get rid of negative and attract thereby positive elec- 
ricity, when the potential in the neighborhood will be relatively 
high. Air currents condensed into a cloud in the higher strata 
would carry a positive charge; while those formed on the 
ground or the side of a mountain would probably carry a nega- 
tive charge. If clouds of these two types should meet a sudden 
alteration of potential would result. The author has frequently 
witnessed such an interchange in the mountains of Virginia. 
In the western portion of the state there are numerous parallel 
ridges with deep and narrow intervening valleys. It occasion- 
ally happens that an electric discharge takes place from the 
summits of these ridges into the atmosphere. There is noth- 
ing audible, but merely a sudden glow of the higher clouds 


1 Proceedings, Royal Society of Medicine, December 8, 1909. 
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in the dark night, and it is possible that the presence of iron- 
bearing strata may have something to do with determining th 
electric tension thus manifested. 


“ Andes lightning ” is the name given to a very striking luminous lis- 
charge of electricity seen over the crest of the Andes, in Chile, in a rec . 
where ordinary thunderstorms are almost unknown. The m untair 
appear to act as gigantic lightning rods, between which and the clou 
silent discharges take place on a vast scale. Whether these phenome: 
have any solar connection, that is whether they are induced by pr 
exposure to solar radiation, we do not know. Such phenomena ar 
served elsewhere, but whether they may be related to vital functions 
influence health in any way it is also difficult to say. We know, howev 
that the sun is positively electrified and the earth negatively and we w 
expect the potential to be highest near the surface of the latter. M 
hamed has suggested that the heating of the earth’s surface gives rise ¢ 
a better ionization of adjacent portions of the atmosphere; it is a fact 
probably, that no discharge of electricity takes place in the absenc 
electrons. These minutest particles of negative electricity have a velocit 
comparable to that of light. It is further known that the magnetic cu 
rents have a daily motion from west to east, that this motion is n 
marked in the tropics, while other currents go from the tropics to t! 
poles; these latter through their property of deflecting the electrons int 
their course give rise to the aurora borealis. Sun spots, which are prol 
ably attended with high ionization hence give rise to disturbances of t 
magnetic fields of the earth’s surface. It is probable that in these magr 
disturbances at the earth, very indirectly of solar origin, there may 
some subtle influence on the human nervous system. 


It was shown by Hale that there are magnetic fields in 
sun spots. He was aided by the work of Zeeman, who discov- 
ered that powerful magnetic fields may split an ordinary single 
spectrum into several components. 


All solar rays, whether visible or photographically active, or not, pr 
duce heat when absorbed upon a blackened surface. Sometimes the infra- 
red rays are called heat rays, the light rays, visible rays; and the blue, 
violet and ultra-violet, “ active” or “ photographic rays”; but there is no 
distinction of kind between these things. All are regarded as transverse 
vibrations of the luminiferous ether, differing only in the wave length 

Waves of all wave-lengths produce their just effect when transform 
into heat. Though both are forms of energy, radiation is not heat, but 
may be transformed completely into heat. We regard radiation as wav 
motion in the ether, heat as irregular motion of the molecules of materia! 
substances. 


Sunlight has the power of ionizing the air, but there is a 
marked difference in the degree of ionization between that of 
the air at sea-level and at higher stations. Even in strong su! 
shine the surface air is only slightly ionized, but at the height 
of a few miles, as in balloon ascensions, the ionization may ! 
twenty times as great as at the surface. Sunlight has also 
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It is a well-known fact that terrestrial 


ghts and southern lights follow the sun spot periodicity and 


th this periodicity there is also a noteworthy change in th 
earth’s magnetic field. This latter connection is very close as 
seen by the magnetic curves plotted by Dr. C. G. Abbot in his 
work on “ The Sun.” 

Abbot says that great sun spots often seem be the direct 

















promoters of great magnetic disturbances and auroral displays, 


and that the earth’s surface air temperaiure is, on the whole, 
lower at sun spot maximum than at sun spot minimum. It is 
only within the last ten years that we have had any direct 


measurement of solar radiation sufficiently accurate and com- 
plete to show these changes. e 
istence of magnetic fields in sun spots has added to our knov 


Hale by his discovery of the ¢ 
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edge of these very remarkable phenomena. Even the form in 

which matter exists in the sun has only lately been found to b 

gaseous. At least that is Abbot’s and Schmidt’s conclusion. 
But are the sun spots, after all, potent for good or evil as 


lar as we are concerned? 
astronomers, have ever seen them, but nevertheless they appea 
strongly to the popular imagination. There 
ich mystery about them. These fascinating phenomena ar 
huge uplifts of metallic vapors in which vanadium, titanium 
d iron are evident, while at the top of these immense vortices 
re is an inflow of hydrogen and vapor of calcium. As they 


Very few, aside from professiona 


undeniably 


1s 


Page 187. 


17 


Vu 








258 THE SCIENTIFIC MONTHLY 


expand, lose heat and absorb solar light, they appear dai 
contrast; so that, instead of 6,000 degrees Cent., which is 
estimated temperature of the sun’s surface, their tempera 
drops to approximately 3,500 degrees Cent. The mag 
field which has been detected in sun spots is believed to bi 
to the friction of the various vapors and gases and chen 
compounds in the stupendous whirling motion that chara 
izes them. 

Among those who have lately thrown light on this quest 
is Dr. A. L. Cortie, the distinguished astro-physicist of St: 
hurst College Observatory. He does not believe that ther 
any basis for the impression that these spots in their immens 
act directly to cause magnetic storms on the earth, altho 
it is admitted that these do accompany the appearance of 
active spots on the sun. His explanation is of great inter 
and may be correct. He says: 


The fields are much too weak, at the enormous distance of th 
allow of any such direct action. But great solar outbursts must b 
panied by a copious outflow into surrounding space of electrified part 
called electrons. The earth is a great magnet, and its lines of fore 
the surrounding atmosphere, which, as the barometer shows, has a « 
oscillation. Hence we have matter moving across lines of force 
takes a magnet and thrusts it into a coil of wire which is connected t 
delicate galvanometer which can show the existence of electric curre! 
the needle will be deflected, indicating the flow of an induced ek 
magnetic momentary current. But it is obvious that the wire must 
conductor. A non-conducting material would not have an induced 
rent produced in it. Substitute for the magnet and its lines of fore 
earth and its lines of force, moving relatively to the atmosphers 
dently if the atmosphere, which is ordinarily a non-conductor, can bi 
a conductor electromagnetic currents will be produced in it. Now, 
the copious streams of electrons from a disturbed area strike th 
atmosphere of the earth it does become a conductor, or, as it is termi 
ionized. Hence electromagnetic currents are set up, as indicated | 
aurora borealis; the earth currents are induced, which upset by their ! 
the normal magnetic field of the earth, and our instruments record n 
netic storms. The source of the energy, therefore, which causes m: 
storms is the rotation of the earth; the electrification of the upper 
phere simply pulls the trigger and enables the forces to be operati 
h 


All this has a very important commercial and military 
ing when we consider that the sun itself can take a hand i! 
conduct of a great war. Not that the sun should stand 
as in the days of Joshua in the battle of Ajalon, but th: 
should tie up the great wireless plants on which modern 


1’ 


fare relies for daily aid. 
With the cutting of the German-owned Atlantic cable a' 


8 Current Opinion, November, 1917. 
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ginning of the war, Germany had to fall back upon her wire- 
ss plants in order to transmit news and official or diplomatic 
essages through a channel not controlled by her enemies. 
r this the Sayville station on Long Island for a time became 
.e distributing center, the wireless messages being thence 
‘-ansmitted by neutral cable or telegraph to all parts of the 
orld. But when the aurora borealis appeared in May, 1915, 
the service was suddenly severely handicapped and for several 
weeks the messages received were for the most part frag- 
mentary or often impossible to decipher. The same situation 
existed in Tuckerton, New Jersey, much to the dismay of the 
German owners. 

We think it a very significant fact that electric waves, as, 
for example, those used in the wireless telegraphy, travel with 
the velocity of light, or at the rate of 186,330 miles per second 
and it suggests a very close relationship,—more than a mere 
analogy,—between light and what we designate as electricity. 
Radiant energy, therefore, proceeding from the sun may be 
held to include light, heat and electricity and it might be unjus 
tifiable to differentiate too closely between them as we have 
been wont to do in the past. As we have intimated, our know!l- 
edge of some of these attributes of the sun is of very recent 
date. 

As Dr. Abbot, the director of the Astrophysical Observatory 
of the Smithsonian Institution, says in his work, which we 
have freely quoted: 

That which the sun sends to the earth in such abundance used to be 
considered as three distinct things, namely,—actinic or chemical rays; 
light, or visible rays; heat, or invisible rays. These distinctions are 
known to be misleading. . . . All rays may be totally transformed to pro 
luce heat, however they may differ in their effects upon the eye, or in 
different chemical substances. All these rays travel with equal velocity 
n free space. 

We are thus compelled to take a very broad view of solar 
radiation and to give to the electric energy of the sun a wider 
scope than at first thought would seem appropriate. Thus it is 
that heliotherapy, the principles of which we shal! outline, 
may Owe some measure of its efficacy to the electric energy of 


the sun. We are very far yet from a complete understanding 

of X-rays, the Finsen light, heliotherapy and other forms of 

radiant energy, not to speak of Marconi waves as applied to 
man’s needs in other fields. 

We all know that the disturbances of the mental and nerv- 

is equipoise are often traceable not only to social environment. 

t to climatic conditions and, in the belief of the ancients, and 
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even of some of the present day, to lunar influences. 
solar irradiation has a considerable influence is undou 
true. It is constant; clouds may intervene, but cannot 

check its power. 

There is at the present time a remarkable interest ji: 
is known as heliotherapy. This branch of physical th 
is winning an established place in the treatment of tu 
losis both of the bones and joints and of the pulmonary o 
During the last ten years heliotherapy has been systemat 
applied in these affections at suitable stations in the s 
Alps, and on the French Coast, both on the Mediterranea 
Atlantic shores and in Alton, in Hampshire, England. 
also been carried out to some extent in America, but not 
the thorough and painstaking methods adopted in Europ: 

One of the most ardent exponents of heliotherapy is D 
Rollier who, during the last sixteen years, has treated upw 
of 1,500 patients, both children and adults, by gradua 
sure to solar irradiation at his institutions in Leysin, nea 
Moritz, Switzerland. 

At the French marine stations, notably Berck-Plage, H 
and Cannes, the same method of treatment is adopted ar 
same good results obtained. The proportion of cures 
vanced and apparently hopeless cases of surgical tuber 
seems incredible. Rollier’s clinical records, fortified wit} 
tographs taken on admission and discharge, fully corrob 
his reports and dispel what might be a pardonable incredu 

The author has recently brought to the attention of An 
can physicians this remarkable development of tubercu 
apy and begs to refer to his essay on *“ The Atmospher 
and Tuberculosis,” Smithsonian Institution, Washington, 19 

Rollier has succeeded in training his patients, both chi 
and adults, by systematic and strict methods adapted 
to the individual case so that they live in the free ail 
Alps almost wholly naked, but apparently in perfect co! 
the training begins with exposure to the air and, afterw 
exposure to the sunlight, solar radiation, constituting 
therapy. Under no circumstances does Rollier allow 
tient to be exposed to the sun on the same day or eve! 


day following his arrival in the mountains. According 
gravity of the case or the general resistance of the pa 
from three to ten days are allowed for acclimatization 
altitude and training for the air cure. Children seem 
play an especial tolerance for exposure to sunshine. 
There is one remarkable feature of the higher Alpi 
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rts such as Leysin, Davos and St. Moritz, and that is that 
ere is a vast difference between the temperature of the air 
the sunshine and in the shade. Although snow may be lying 
n the ground, temperatures of 95 to 100 degrees Kahr. or even 
igher in the sun are not uncommon. 
~ Sunlight has considerably more actinic force at these moun- 
in stations than at the seashore, and hence the time required 
r the deep pigmentation essential to the solar cure is probably 
ess than elsewhere. But even Rollier and others in the Swiss 
Alps have strongly urged the adoption of heliotherapy at the 
seashore sanatoria, and this is now quite as successfully accom 
nlished. Rollier’s record of over 1,500 patients and over 1,200 
cures is one of the greatest contributions to modern surgical 
progress and especially to the fight against tuberculosis. 

Heliotherapy in America.—In this country there is every 
opportunity for practising heliotherapy for tuberculosis and in 
the wider field which includes many chronic medical and surgi- 
eal conditions not necessarily tubercular. There are now in 
military hospitals many cases of tuberculous disease of the 
bones and joints; and in addition, there are the inevitable tor- 
pid wounds, fistulas, and the gangrene, frost bite, and trench 
foot and the effects of caustic gases lately a part of military 
practise. Many of the sufferers are sent to Vichy and Aix-les- 
Bains for the baths; others are sent to Berck-Plage and to 
Cannes and other marine stations for the additional help of 
he liotherapy. 

Dr. Albert Robin, in his work on tuberculosis, cites the well- 
known facts that the luminosity of the sea air and the power 
of the solar radiation at the seaside are very intense. Thi 
refraction of light by the sea water gives special properties 
with luminosity. The sea water absorbs the ultra-red rays that 
are calorific; it reflects the yellows (luminous) and the blue 
and violet rays that are chemical rays, the bactericidal action 
of which is recognized. Light is one of the best health-giving 
agents; it stimulates all the acts of animal life, particularly 
oxidation. 

The luminosity of the sea air helps, then, to give it a more 
stimulating action than does the air of inland regions. 

Dr. Robin believes that the sodium chloride, iodine and 
silica (which he showed to be present at Berck-Plage) must 
exist in sea air in a state of ionization, or perhaps in a physical 

rm which develops their radioactive properties. They in- 


‘Albert Robin, “ Treatment of Tuberculosis” (English translation), 
© A. Churchill, London, 1913, p. 380. 
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crease the phenomena of oxide reducing hydrolysis wh 
cupy the first rank in the acts of disassimilation in orga: 
This makes us suspect, if not state precisely, the importa: 
that must be taken by the chemical elements contained 
air. All of them stimulate the exchanges, this in itsel! 
one of the conditions of remineralization. 

The author would strongly urge the establishment 
Rocky Mountain region, preferably in southern Calit 
Colorado or New Mexico, perhaps in connection with sor 
isting institution, of a true sun cure for tuberculosis. S 
locality is eminently suitable for heliotherapy, now for 
most successfully carried out in the Swiss Alps by Rollier, 
it should not be forgotten that his methods with their br 
results are applicable not only in the class of cases comn 
termed “surgical” tuberculosis, 7. e., bone and joint 
losis, but in pulmonary disease as well. 

The time has come to give this method a thorough trial] i) 
elevated, sunny and dry air of the Rocky Mountain regio: 
Southern California, the climatic features of which just 
first place in the climato-therapy of tuberculosis. Among 
places in America where heliotherapy has been attempted t 
is a great difference in the amount and quality of sunshi! 


sine qua non of successful treatment. Nevertheless it has 


carried out in such variable climates as at Sea Breeze Hos 
on Long Island, in Narragansett Bay, at Perrysburg (| 
miles from Buffalo), and at the Children’s Seashore Hous 
lantic City. But it is in Colorado, New Mexico and sou 
California where the hours of sunshine are most unifor 
least liable to interrupt the cure. Physicians in thess 
have already reported most encouraging results. 





THE NORTHERN FUR-SEAL PROBLEM 


THE NORTHERN FUR-SEAL PROBLEM AS A 
TYPE OF MANY PROBLEMS OF 
MARINE ZOOLOGY 


By Dr. BARTON WARREN EVERMANN, 


DIRECTOR, MUSEUM, CALIFORNIA ACADEMY OF SCIENCES 


rgxHERE are in the North Pacific three closely related species 
| of fur seals. One of these, known as the Japanese fur 
seal (Callorhinus kurilensis), has its rookeries chiefly on Rob- 
ben Reef, in the Okhotsk Sea, with still smaller rookeries on one 
or more of the Kuril Islands. These constitute the Japanese 
fur-seal herd, which is the smallest of any. It is said this herd 
in 1911, contained but 6,557 seals. The second species has its 
breeding grounds on Bering and Copper Islands of the Com- 
mander Group off the coast of Kamchatka. This species (Cal- 


lorhinus ursinus), constitutes the Russian fur-seal herd which, 
inl1911 contained between 18,000 and 30,000 seals. The third 
species is the Alaska fur seal (Callorhinus alascensis), whose 


breeding grounds are on the islands of St. George and St. Paul 
of the Pribilof Group in Bering Sea, about 200 miles from the 
nearest point on the mainland of Alaska. This species consti- 
tutes the Alaska or American fur-seal herd which, according to 
the census of 1911, contained 127,745 seals. The Alaska fur- 
seal herd is not only much larger than both of the other herds 
combined, but the fur is regarded as superior. 


RUSSIAN CONTROL OF THE ALASKA FUR-SEAL ISLANDS 


The Pribilof Islands, the only land on which the Alaska fur 
seals ever haul out for any purpose, were discovered in 1786, by 
Gehrman Pribilof, who for three years or more had been ex 
ploring Bering Sea in the interest of a Russian fur company. 
He at once took possession of the islands in the name of Russia. 
For the next thirteen years the islands were exploited by vari- 
ous rival companies. There was no thought of conservation, 
with the result that the herd was almost destroyed by 1798. 
In 1799, the Pribilof Islands, together with all the rest of 
\laska, passed into the hands of the Russian-American Com- 
pany. This company carried on the sealing business with auto- 
ratic power and with slight appreciation of the necessity of 

iding methods calculated to bring about the extinction of the 

rd, until in 1867, when Alaska was purchased from Russia by 
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THE NORTHERN FUR-SEAL PROBLEM 


he United States. In the season of 1868, the first of American 
upation, two rival companies killed seals on the islands in 
most reckless manner. The Congress then made the seal 
slands a government reservation and during the season ot 
269. the killing was conducted under the direction of the 
easury Department. Then the islands were leased for a 
rm of twenty years beginning in 1870, to the Alaska Com- 
rcial Company. This company was given the exclusive 
vilege, under the direction of the Treasury Di partment, of 
ling seals on the islands. The essential features of this lease 
were: (1) No female seals to be killed, (2) no male seals under 
une year old to be killed, (3) the killings after August to be 
imited to supplying food to the natives, (4) the total number 
to be killed in any one year not to exceed 100,000. 

Upon the expiration of this lease the islands were again 
leased on March 12, 1890, but to a new concern, the North 
American Commercial Company. The lease was again for a 
period of twenty years and differed from the old lease chiefly in 
that no quota was fixed, except for the year 1890, when it was 
not to exceed 60,000, and the revenue derived by the govern- 
ment was $10.221'% per skin as against $3.17! under the first 
lease. 

Under these leases the companies were permitted to kill 


] 


seals only on the land; they were not permitted to kill seals in 


the ocean. 
KILLING SEALS ON THE LAND 


The number of seals in the American herd when it came 
into the possession of the United States was very great; in 1873 
it was estimated at 4,700,000. This number is undoubtedly 
very much too great; probably half that number would be a 
very liberal estimate. At any rate, it is quite certain that an 
annual kill of 100,000 young male seals could then be made 
without in the least endangering the herd. 

So long as the killing was confined to the land it was easy so 
to regulate the killing as to permit an annual take of 100,000 
young males and yet maintain the herd at a high degree of pro 
ductivity ; in other words, the annual kill of 100,000 young male 
seals would be made good by a net increase of at least 100,000 
young males reaching the killing age each year. 


HABITS OF THE FUR SEAL 


The fur seal is highly polygamous, living in the ocean the 
greater part of its life, and coming out upon the land only 
iring the breeding season, which is in the summer from June 
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until in the fall. The breeding males are called bulls: th 
ing females are called cows; the young are called pups 
non-breeding males (from one to five or six years « 
called holluschickie , oF bachelors. As the breeding Seas 
proaches the breeding seals begin landing upon the 
With them come the bachelors, especially those more th: 
year old. The old bulls haul out first, each taking up a 
able position on shore and capturing as they land and | 
in his harem as many cows as he can control. The nun 
cows in a harem may range from one to one hundred. th 
ber varying with the abundance of bulls. The harem ot 
size under proper regulations will contain perhaps twent 
to forty cows. Besides the breeding bulls there wil] usu: 
a varying number of half bulls, surplus bulls or waiting 
ready to become harem masters whenever opportunity 
The number of surplus bulls will be few if the annual 
for the past few years have been excessive, or they will b: 
if the annual killings have not been large enough. Ca: 
regulation of the killings is therefore essential to keep th 
ber of surplus bulls within safe limits. 

During the breeding season, the old males remai: 
stantly on shore, never leaving the land until late in th 
The cows, after their pups have been born, make frequent 
out in the ocean, often going 100 to 250 miles from the is 
to their feeding grounds. The younger bachelors also 
to the water from time to time. 

It is thought that the majority of young seals w 
vears of age, both males and females, remain in the wat« 
in the fall, and come out on the land in force only whe! 
vears of age or older. 

In the fall of the year, after the breeding season is « 
the pups have learned to swim, the entire herd leaves t! 
and takes to the sea. In the winter they go as far sout! 
the southern California coast. Their migration route has 
only roughly determined. In the spring they return 
islands. During this return they appear in numbers 
coasts of Washington and British Columbia, in the G 
Alaska and in the passes among the Aleutian Islands. D 
this return migration the cows are heavy with young and 
much time sleeping on the surface of the water. Ea 
produces a single pup, which is born within a few days 
she reaches the islands. She is served by the bull withi 
days after her pup is born; the period of gestation is th 
only a few days short of one full year. 
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PELAGIC SEALING 
As already stated, so long as seals were killed only on the 
it was possible to regulate the killing in such a way as to 
aintain the herd at its maximum size and productivity. The 
ssential regulations would be: (1) Kill no females; save then 
for breeding purposes. (2) Of the natural annual iner 
ent of commercially desirable voung males (say those fron 
three to five years of age), kill all except such number as may 
needed to provide the necessary number of bulls each suc- 
eeding year. This number can be determined very exactl) 
through carefully conducted scientific investigation. 


During the forty years of leasing the killing on the land, 


; 


though carried on without any intelligent understanding of 


the principles involved and in almost total ignorance of a num- 


ber of the most important facts in the life history of the fur 
seal, was, in the main, conservative and not seriously detri 
mental to the herd. But in the last vears of the lease of the 
Alaska Commercial Company, in the late eighty’s, a new factor 
was introduced. Certain persons, chiefly Canadians of Vic- 
toria, British Columbia, discovered that the hunting of seals in 
the ocean could be carried on with profit. They found that, by 
falling in with the seal herd in the late winter and early spring 
off the coast of Washington, British Columbia and southeast 
Alaska, during the spring migration back to the Pribilof Islands, 
and again with the mother seals in Bering Sea in summer and 
lall when they visit their feeding grounds, large numbers of 
seals could be killed and the business of pelagic sealing, as it 
was called, made very profitable. 

Following this discovery, the growth of the pelagic sealing 
industry was very rapid and the herd diminished correspond 
ingly. 

On the land, the killing can be, and was, selective; only sur- 
plus or unnecessary males were killed. No such selection is 
possible in pelagic sealing, even if the hunter were disposed to 
select, which he never was. When the hunter sees a seal in the 
water he can not tell whether it is a female or a male, so he tries 
to get every seal he sees. Of those he kills or mortally wounds, 
he probably does not recover more than one in five; some put 
the ratio at one in ten. On the basis of five to one, the number 
{ seals killed outright or whose death was caused by the pelagi: 
sealers from 1890 to 1897, has been computed to have been 
1,907,217 males, 3,814,434 females, or a total of 5,721,651 seal 
he total number killed on land during the same period on th 

panese, Russian and Pribilof Islands was: females, none; 
les, 350,268; from which it is easy to understand the cause 
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of the rapid decrease of the fur-seal herd during the last c& 
of the nineteenth century. 
THE Mopus VIVENDI OF 1891 To 1893 

The disastrous results of pelagic sealing had become s 
dent that the governments of the United States and | 
Britain agreed upon a modus vivendi on June 15, 1891. 

The essential terms of this modus vivendi were that 
the eastern part of Bering Sea to pelagic sealing so far ; 
subjects of the United States and Great Britain were conc: 
and limited the killings on our islands to 7,500 annuall\ 
number required by the natives for food. The agreement 
put into effect too late to do any good in 1891, even 














possible for it to have done so; the pelagic fleet had al. 
entered Bering Sea and begun killing seals, and when \ 
out of the protected area, they crossed over to the wester! 


4] 
i 


and continued their killing, which proved so profitable 
number of boats actualiy increased next year. 

The agreement, originally made for one year, Was eX' 
to cover the seasons of 1892 and 1893. 


TREATY OF FEBRUARY 29, 1892 


As contemplated by the modus vivendi, a treaty was ¢! 
into between the United States and Great Britain Februa 
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299. the essential provisions of which were: (1) The appoint- 
nt of a commission to make investigations concerning the 
ts of the fur seal, pelagic sealing, and the management of 
herd on the islands, and (2) the reference of all matters it 
ite to a tribunal of arbitration. 
THE PARIS TRIBUNAI 

This tribunal, consist:ng of seven arbitrators, met in Paris 

February, 1893, and Cl ncluded its labors on A Iiyust Ld, 

owing. 

The American contention, as presented to the tribunal, was 

brief, that the decline in the herd was due solely to pelagic 

ling; that pelagic sealing was indiscriminate, the kill con 
sisting chiefly of females heavy with young or of mother seals 

th nursing young on the islands. The British contention was 
that the proportion of females in the pelagic catch was incon 
siderable and that excessive killing on the land was the sol 
cause of the decline in the herd. 

It is interesting to note that of the five questions in disput 
submitted to the Paris Tribunal four were decided against th 
United States, and the remaining one was of no importance! 

The tribunal then drew up a set of regulations, in nine 
articles, which the two governments agreed to observe. The 
only one of these regulations that is of primary importance is 
the first, which prohibited the subjects of Great Britain and the 
United States from killing seals in Bering Sea within a zone of 
sixty miles radius around the Pribilof Islands; and this, as well 
as all the other regulations established by the tribunal, was 
utterly useless in protecting the fur seal. 

As previously stated in this paper, the cow seals during the 


breeding season go 100 to 250 miles from the Pribilof Islands 


‘ 
( 





find suitable feeding grounds; indeed, practically all their 
feeding grounds are now known to lie well outside the sixty 
mile zone. 

The result was that pelagic sealing went merrily on so far 
as Canada was concerned, but the United States on December 
2), 1897, passed a law making it unlawful for any of its citizens 

engage in pelagic sealing at any time or in any waters, thus 

tting squarely upon the British and such other nations as 
ght engage in pelagic sealing the entire responsibility for 
such results as might follow from killing seals in the open sea. 


FAILURE OF THE PARIS REGULATIONS 


The Paris regulations proved therefore almost utterly use- 
in protecting the fur seal. In the first place, only the 
ted States and Great Britain were bound by the regulations. 
r nations that were interested and wanted to be parties to 


i) 
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the treaty, for example Japan, but which were refused 
not bound by the regulations. They had a perfect right 4 
seals anywhere on the high seas outside the three-milk 
and Japan was quick to exercise that right. That co 
entered the field at once. Not being a party to the trea 
1892, Japan was not bound by the Paris Tribunal regula 


A MOTHER FUR SEAL AND HER Ft 


She could lawfully kill seals anywhere on the high seas, 
up to the three-mile limit around the seal islands. 

They did so, and found the business quite profitab| 
destructive was pelagic sealing under the Paris Tribuna 
lations that the herd, by 1911, had been reduced to a me! 
nant of 127,745 seals all told, in spite of the fact that ki 
the land fell from 30,654 in 1896 to 12,006 in 1911. 


UNITED STATES ABANDONS LEASING SYSTEM 
At the close of the period for which the islands hac 
leased to the North American Commercial Company for s 
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rposes, the United States decided to discontinue the leasing 
stem. This action was taken by Congress April 21, 1910, 

yn the recommendation of Hon. Charles Nagel, then Secre- 

y of Commerce, and Hon. Geo. M. Bowers, Commissioner ot 
sheries. It provided that all sealing should hereafter be done 
the government and the skins taken to be sold by the govern- 
nt to the best advantage. Beginning, therefore. with the 
ason of 1910, the sealing on the Pribilof Islands has been 
arried on directly by the government. 


TREATY OF DECEMBER 15, 1911 

In the summer of 1911, a convention was signed by the 
United States, Great Britain, Russia and Japan. By the terms 
of this treaty, which became effective December 15, 1911, each 
of the four governments signatory thereto, agred to prohibit its 
citizens from engaging in pelagic sealing. This provision also 
applies to the killing of sea otters. Great Britain and Japan 
thus gave up their right to kill seals and sea otters in the sea 
beyond the three-mile zone, a right which they undoubtedly pos- 
sessed. In return for giving up this right, Great Britain and 
Japan are each to receive 15 per cent. of all the skins that may 
be taken on the land by the United States on the Pribilot 
Islands, and like percentage of those taken by Russia on her 
seal islands. In like manner Japan gives to the United States, 
Great Britain and Russia each 10 per cent. of the land catch 
from the small but growing herd under her jurisdiction. 


CLOSE SEASON OF LAND KILLING 
On August 24, 1912, Congress passed a law giving effect to 
the treaty of 1911, and, unfortunately, including at the sam 
time a clause prohibiting all killing on the land for a period of 
five years. There was, therefore, no commercial killing of fur 
seals on our islands in 1913 to 1917, both inclusive. The terms 
of the treaty relating to pelagic sealing are, apparently, being 
observed and carried out in good faith, and the Alaska herd has 
increased from 127,000 seals in 1911 to 530,492 in 1918, when 
land killing was again resumed. This increase in the herd 1s 
most gratifying and shows clearly that the herd recovered 

rapidly upon the cessation of pelagic sealing. 


GOVERNMENT HANDLING OF THE FUR-SEAL PROBLEM 


In the main, the government has handled the fur-seal ques- 

fairly well. The administration of the laws and regula- 
ns by the Treasury Department, the Department of Com- 
merce and Labor, and the Department of Commerce through 
he Bureau of Fisheries and its agents on the islands, was faith- 


+; 


+ 
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and intelligently conducted, at least up 
the close season law. However, several vi 
-es have been made and it is to some of thes 
all attention. 

The most serious mistakes which 

been: (1) Failure to realize that the 

arily, a biological problem: (2) disinciinat 


advise and council of scientific men: (3) 


at preservation of the fur-seal herds requires t] 


several different countries. 

Congress and the heads of the executive depar 
cerned seem wholly unable to realize that proper laws and reg 
ations for the management and conservation of the fur-seal 
herd must be based upon accurate knowledge of the life history 
of the fur seal. Up to the time of the modus vivendi no study 
had ever been made of the life history of the fur-seal by any 
trained naturalist. It is true that many valuable observations 
were made in 1873-74, but they were in the main inconclu- 
sive; they were wholly so as to practically every fact of vital 
importance. 

How to tell the age of seals in the different categories, the 
age at which the males and the females begin to breed, the 
period of virility of each, the age to which each lives, the proper 
size of the harem, to what extent the vearling males and females 
appear on the land, the migration routes, feeding habits and 
grounds, natural mortality, principal enemies ;—these are but 
a few of the many questions which could not be definite 
answered, because the facts were not known. 

In drawing up the terms of the modus vivendi, the United 
States, because of its lack of knowledge on these essential mat- 
ters, agreed to terms which afterward proved very embarrass- 
ing, and very detrimental to the herd. The British said: “We 
will stop killing seals in the eastern part of Bering Sea if you 
will stop killing on the land.”” And the United States stupidly 
agreed; with the result that, while the number killed on the 
land in those three years was 27,040, the number killed at sea 
was 238,349. Stopping commercial killing on the land simply 
left that many more for the pelagic sealers to get. 

The modus vivendi was, therefore, a total failure as a pro- 
tective measure, chiefly so because, through lack of accurate 
knowledge of the feeding habits of the fur seal, we agreed to 
erms that proved disastrous. 

The same was true with the Treaty of 1892, the Paris 

‘ibunal, and the Paris Tribunal Regulations. Many things 
re agreed to that were biological mistakes, because of our 
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lack of complete knowledge. True, our commissioners 
certain proper statements before the Paris Tribunal, but 
they were disputed by the British, we were unable to su 
our contentions with convincing evidence. We lacked 
curate data to support our claims. 

Naturalists many years ago began advising the govern! 
to provide for careful scientific study and supervision 
fur-seal herd. Our lack of knowledge of many of the esse! 
facts in the life history of those interesting animals was p 
out again and again. The government was urged to plac 
energetic, resourceful, carefully trained naturalist in chars 
the seal islands, with one or more trained assistants, so th 
seals would be under careful scientific observation for a 
of years. It was also urged that the naturalist to b 
charge should be a man who had some knowledge and e° 
ence in the raising and handling of domestic stock, bec: 
was believed that the important principles of stock raisins 
management will be found to apply to the fur seal. This r 
mendation was made by the fur seal commissioners 
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1896-97 ; by Captain Hooper of the Revenue Cutter serv- 
the Bureau of Fisheries, the Advisory Board of the Fur 
Service, and by many other naturalists. 
1910, when Charles Nagel was Secretary 
George M. Bowers Commissioner of Fisheries, that any 
ntion was paid to this recommendation. A naturalist was 
provided and serious, continued study of the fur seals was 
Redfield became Secretary 


But it was not 


of Commerce 


gan and continued until Wm. C 
Commerce. One of Mr. Redfield’s first acts was to abolish 
position of naturalist on the seal islands and t: 


stop prac- 
ally all natural history studies on the islands. Since 1913, 


e agents on the islands have been discouraged from making 
indeed, in one 


ny study of the natural history of the islands; 
ise at least, it is said that an agent who is a trained naturalist 
ind who desired to carry on biological investigations and stud) 


of the seal and other animals of the islands, was ordered not to 
(It is perhaps needless to say these orders were verbal 


ao So, 
they were not put in writing.) 
Perhaps the most discouraging condition with which we 
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have to deal is the attitude of the average congressman and 
average department head toward science and scientific 
Perhaps scientific men have only themselves to blame for | 
During the past thirty years there have been nume 
fur-seal hearings before committees of Congress. ‘The print 
records of these hearings total many thousand pages. Thx 
of the hearings has exceeded half a million dollars. M 
scientific men appeared before these committees, inclu 
practically every naturalist who has ever visited the s 
They were unanimous in their views and their re 


islands. 
Nevertheless, 


mendations as to the questions at issue. 
views were rarely accepted by the partisan committees, 
Secretary Redfield even penalized the officials in the Burea 


Fisheries who expressed views in harmony with those | 


other naturalists who testified. 

This lack on the part of congressmen and heads of 
ment departments to appreciate science or scientific men 
too common. The scientific men who came in touch with 
ernment departments during the Great War know how 


oo) 


this is. 

But, as I have said, perhaps the scientific men ar 
selves largely responsible for this attitude of our iaw 
If so, it is largely because of their ex 


and executives. 
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sty and dislike to enter into controversy with the powers 
ve, 
[he third serious mistake which our government made was 
ailure to realize that the fur-seal question is one that con- 
ns a good many countries. In 1892 and 1893, our states- 
thought it concerned only the United States and Great 
tain. Japan wanted to join the United States and Great 
tain in the Treaty of 1892, but she was virtually told it was 
concern of hers. Japan was thus left free to engage in 
agic sealing, and she promptly entered the field. with most 
sastrous results to the herd. 


THE PARIS TRIBUNAL ALSO WAS A FAILUR! 


Before this tribunal the United States lost on e\ 
any importance. Naturalists and other experts had 
| upon to supply data for the use of the commissioners and 


1icUu 
} 


ey did so, but were not permitted to be present in person and 
present the facts. The result was that when our commissioners 
nd lawyers who possessed only information, instead of know!l- 


and 
t the 


edge, concerning the fur seal, presented their case 


rt} 


tribunal they were easily confounded by the British whose ex- 


perts were at hand. 


Our revresentatives were able men, to be sure, but through 
they 


| 


lack of scientific training and appreciation of science, 
were not able to evaluate the biological data furnished them by 


[ | 

















THE SCIENTIFIC MONTHLY) 























THE NORTHERN FUR-SEAL PROBLEM Ly 


e naturalists or to present the data logically and convincingly 


the tribunal. The British were more wise because they de- 


ended more upon their naturalists. 

The Paris Tribunal Regulations were an absolute failure 
r the same reason. Our representatives would not listen to 
Americans who knew most about the habits of the 
d who were best able to advise them. 

In this treaty of 1911 which abolished pelagic sealing, 
They were more success- 


fur seal 


our 


mmissioners were more successful. 
il because they more clearly appreciated the fact that the 
fur-seal question is primarily a scientific question, and they 
vailed themselves of the services of the naturalists who were 
familiar with the life history of the fur seal. These men 
to a greater extent 


were depended upon by our commissioners 
than ever before. The treaty is a good one. 


take that was made was the failure to invite China, Mexico and 
as was urged by 


The serious mis 


several other countries to join in the treaty, 
Who can say how long it will be before seal- 


the naturalists. 
or Chili, and 


ing schooners outfitted in China, Mexico, Peru 
flying the flags of those countries, may play havoc with ow 
herd? There is nothing to prevent them doing 


fur-seal 
and now that the herd has 


they have a perfect right to do so; 
again grown to considerable size, the large profits from pel: 
sealing are sure to appeal strongly to adventurous chara 
in those countries. 


In short, Washington has not realized 
concern every nation 


that the fur-seal 


problem is one which concerns or may 
bordering on the Pacific. 

The next and most inexcusable mistake of our government 
was made in the act approved August 24, 1912, giving effect 
the treaty of 1911. 

In that act two very unwise provisions were inciuded. 
first of these provided for a close season of five years (1912 to 
1916) in which no commercial killing on the islands was per- 
mitted; the other provided that there shal] be reserved for 
breeding purposes each year from 1917 to 1926, 5,000 young 


The 


male seals. 

As to the close season, it was not only 
actually harmful. There was already an excess of 
males. To save all the males born each vear is as absurd as it 
would be for a poultry raiser to save all the roosters that 
hatched. The result has been that there are now several thou- 
sand more bulls than are needed for breeding purposes. 

And the saving of 5,000 young bulls each year up to 1926, to 

w up into breeding bulls will increase the number of breed- 





unnecessary, 1t Was 
breeding 


are 
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bulls enormously beyond the needs ot 
of surplus bulls about the rookeries 
ere fighting, causing injury to the cows, tramping pi 


the harems. The census 


+ 


ith. and general demoralization ot 
1918 disclosed more than 2,000 dead pups, most of which had 
n trampled to death. 
There was only one man who had ever 
ands who advocated a close season and th 
males, and his purpose was jot the preservatl 
herd. Every naturalist in America who 
th the habits of the fur seal strongly protested 
asures, as did also Hon. Charles Nagel, then Secret: 
mmerce, and Hon. Geo. M. Bowers, Commissioner 
eries, but without avail. When Wm. C. Redfield becan 
tary of Commerce, he was urged to recommend the 
se provisions of the law. But Mr. Redfield, wher 
Congress, had voted for the close season. And aft 
ng Secretary of Commerce, he had pronounced 
season law as very wise and sound legislation fo 
yn of our seal herds.”” However, on May 26, 1914, he ap- 
pointed a commission of three eminent naturalists to visit the 
seal islands. The men appointed were selected “ because, not 
having previously been identified with, or in any way con- 
cerned with fur seals or the fur-seal controversy,” and it was 
expected that their “observations and conclusions would be 
ininfluenced by the past contentions.” Their main duty was 
to ascertain the actual state of the herd in 1914,” and to sub- 
mit to the Secretary of Commerce upon their return “ recom- 
mendations touching all important administrative matters 
growing out of the international, economic, and biological rela- 
tions of the seal herd,” and especially regarding “the strength 
f the surplus male life is relation to the close-time provisions 
{ existing law and to treaty obligation.” 
Before proceeding to the islands, these naturali 
varned not to talk with any one who had ever visited 
ands or who had any personal knowledge of fur seals. 
ere, however, very diplomatically made acquainted with the 
ews of the secretary; that he had voted for the close season 
w, that he was on record as saying that that law was “ ver) 
se and sound legislation for the protection of our seal herds,” 
had already taken positive stand on the matter and appar- 
believed that his special commissioners, knowing his posi 


Hi 


would be accommodating and sustain him in his views. 


sut these three able naturalists were not of the type of men 
which politicians usually deal. They were investigators. 
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The secretary did not know that scientific men search for + 
and, when found, proclaim it. These men went to th 
islands seeking truth. They made their investigations 
upon their return, promptly submitted their report. 
found that the close-season law, instead of being “ wis: 
sound legislation’ was just the opposite, and wna) 
recommended its immediate repeal! 

Although the report was received by the secretary in a 
time for him to have gotten action, he pigeon-holed the r 
and did not transmit it to Congress until February 17. 
few days before Congress adjourned. And when he did ¢ 
mit the report to Congress, he studiously avoided calling at 
tion to any of the recommendations made by the investigat 
and refrained from making any recommendations of his 
although his letter of transmittal contains 600 words! 

The close-season law had already been in force tw: 
and had already caused a loss of more than a million dol 
the government and great injury to the herd. But the s 
tary contemptuously ignored the recommendations of ex; 
of his own choosing and permitted the pernicious law to 1} 
disastrous course. There were already many more bu 
were needed for breeding purposes. Thousands of pups 
being trampled to death every year. The actual money 
the United States has exceeded $3,000,000, to say nothi 
the injury to the herd; and the loss to Great Britain and Ja 
has been at least $450,000 each. 

But it is hoped and believed that, as one of the results 
world war, law makers and executives will hereafter bi 
appreciative of science and scientific men. No quest 
settled until it is settled right. This is no more true ot! 
question than it is of those questions which relate to bi 
science. There are many such questions or problems in! 
zoology. The fur-seal problem is only one of them. Th 
rus, the sea otter, the several species of sea lions and hail 
including the elephant seal, the whales and the porpoises, a 
are animals that spend all or at least part of their lives 
the three-mile limit. Our knowledge of not one of thes¢ 


+ 


esting animals is such as is necessary to enable us 


proper laws and regulations for its maximum utilizatio) 


sistent with the adequate conservation of the species. A 


are found beyond the three-mile zone, they are subj: 
international study and regulation. The same is tru 
the important fisheries, such as the cod, halibut, herri: 
mon, tuna and many others. 





THE PROGRESS OF SCIENCE 


THE PROGRESS OF SCIENCE 


HE LE CONTE MEMORIAL the averag: 
LECTURES IN THE YOSE tures was 
WITE VALLE) large \ 
losepH Le CONTE, one of the Mite thi 
distinguished of American People, 
aturalists, for thirty years pro- Bade’s 
Cali- Services to the 


sor in the University of 
nia, died in the Yosemite 

and the Sierra Club erected are all men of reco; 
in their fields Fach 


Val- heard by fully 


ere a memorial lodge in his honor 
The University of California has of three lectures, 
now arranged to give each year at 
kk Dr Willis F Jepso . he opening 
known as the Le Conte Memorial lecturer, gave t address¢ 
‘Some Flowers o he Yosemite,” 


lectures in all 
lodge a series of lectures, to be 


Lectures, and the first course has 
been completed. Tae Biology of tl haparral ” 
The area in front of the memorial and “ The Ancestry of th Pines 


proved an admirable setting. and Sequoias in the 
The lectures were given in the early “John Muir, Natur 
twilight hour, from 7:30 to 8:30, mite” constituted the 
when the sunset made the whole of the three lectures 
valley radiant. It is estimated that Frederic Bade, 
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Muir. In 


account 


of John his first address 
he the of 
Muir, and a description of the meth- 
thought 
to 
of 
Sierra 
lecture, “ John 
the Nation,” 
of the day at a Fourth of July cele- 
He told Muir had 
for the establishment of na- 
parks, account 
Theodore 


gave an of life 


and 


ods study whereby 
intimate 
the 


Bade’s 


he came an 


possess 
Yosemite and 


Dr. 


knowledge the 


whole region. 
Muir's 
constituted the oration 
bration. how 
toiled 
tional 
ol 
Roosevelt 
The 
delivered 


and gave an 
with 

that 
lectures 
Matthes 
States 


his cooperation 


attaining end. 
of 

Francois E. 
the United 
Survey. Mr 
of the Yosemite 
particularly complete, owing to the 
fact that 
ful studies of that region for nearly 
He author of 
the most authentic map of the Sierra 
includes the Yosemite. 
“ The 
aided by 
com- 


in 


next series was 
by 
Geo- 


Matthes’ 


area 


geologist of 
logical 
is 


knowledge 


he has been making care- 


sixteen years. is the 
region which 
In his first address, 
of the Yosemite Valley,” 
stereopticon 


Origin 


views, he 
plete of the 
created the Sierra range and showed 
how the tilting of the Sierra fault 
had accelerated the fall of the rivers 
their Draw- 
ing his deductions from the “ hang- 
from the great 
the Yosemite plunge, 


vave a 


forces which 


account 


down western slope. 


ing valleys” which 
waterfalls of 
he worked out the history of those 
of for 
ages the valley was carved—first of 
all by the Merced River, and later 
in glacial times by the passing of 


nature whereby 


processes 


the great ice floods. 
Gla- 


over 


at 
of 


His second was delivered 
Point 
seven thousand feet above sea level. 
Despite the difficulty of to 
the where the lecture was 
given, of three hundred 
people climbed to Glacier Point to 
Standing on a rock over- 


cier at an elevation 
access 
place 
upwards 


hear him. 
looking the entire valley, Mr. Mat- 


Services to 
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thes showed how S 


dred 


years ag 


thousand 
glaciers swept over 
the 
The conch 


was 


slope of Sierra 
valleys. 
lecture or 

Domes of 
final 


Indian 


Granite 

The 
“ The 
ot the 
Kroeber, professor of 
In he 
count of 


series 
Tribes 
Sierra,” 


Was 


his first lecture 


the various 
dians of California 

“ The 
was devoted to thos 
Monos, 
generations made 


In 


‘re 


dress, Indiar 


and which 
their home 


gave an_ ints 
the 
that 


number 


Indian legends 
the 


them 


haunt Yosemite, 
of 


hearers. 


for 


his 


THE DIRECTORSHIP 
BRITISH NATURAL 

MUSEUM 
SIDNEY FREDERICK 
1907 


Dr. 
since keeper of 
been elected director of 
history departments of 
Dr. Harmer 


recely ed 


Museum. 


1862 and his a 


grees at London and Cam! 


Cambridge he became 
King’s College, 
superintendent of 


zook ry 


master 


lecturer 
and 
sity museum of 
A. E. Shipley, 
College now vice-cl 
the he « 
bridge Natural Hist: 


verte 


and 
university, 
ry 
authority on in 
especially on the pol) 
the natural history an 
of sea animals 

The 
Natural History Museu! 
tains the traditions set 
Sir W 


Lankester, 


directorship of 


Owen, 
Ray 


ard 
Sir 


brate 


()} 


’ 


i 


HIST¢ 


HA 


H 




















ORG 


Fletcher, even though their names 


may be a series ascending 
The 
to 


officer 


not 


in 


scientific distinction. trustees 
elect as 
of the 
museum without scientific qualifica- 
tion, passing Dr. A. Smith 
Woodward, Dr. Harmer other 
scientific men of the institution and 
of the They 
vented so 


had, however, planned 


director an executive 
over 

and 
count ry. 


were pre- 


from doing by vigorous 
protests from scientific men, a large 
of for 
ample, signed a letter in which they 
that staff officer 
instead of a man of scientific stand- 
affront to 


tific men and of grave detriment to 


number leaders having, ex- 


said to appoint a 


ing would be “an scien- 
science.” 

Brit- 
Chancel- 


The electing trustees of the 
the Lord 
lor, the Archbishop of Canterbury, 
the the of 
Commons, and it is perhaps not sur- 
expert 

of a 


ish Museum are 


and Speaker of House 


they do not have 
for the conduct 
institution. An English 
The Naturalist 
“In the old days when all our na- 
at 
mum- 


prising if 
qualifications 
scientific 
journal remarks: 


ional collections were housed 


and books and 
the chief 


an Archbishop 


Bloomsbury, 


mies were attraction, a 


Chancellor, and a 
Speaker may have been a suitable 
But made 
has to 
and 


tribunal. science has 


and bounded 


Kensington 


leaps 
South 
the 


away 
since then, 
should see 
of the 
History 
of men 


present government 


to it that the appointment 
director of the Natural 
Museum is in the 
capable of judging the requirements 
of the of, in the 
present case, attempting to give the 
honor to the person salaams 
to them the few 
which they meet, and who has the 
privilege of the Great 
Words which issue from their Great 
Mouths.” 

It might be well if we should learn 
from the English for we 
have a National Museum, which is 


hands 


post, instead as 
who 


on occasions upon 


recording 


situation, 
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subsidiary to the 
stitution, whose regent 
entific men. It 


building 


now has a 


cent and good e« 


excellent scientific work is 
plished; but it has no direct 
G. 


as assistant 


s3rown Goode, who was jj) 
secretary of th 
sonian Institution, was a 
museum administrator 
worthily succeeded by 
Richard Rathbun. But 
to be no movement to pla 
control of a 


seum in 


nent in science. 


USE OF THE 
THE BUREAI 


THE geophone, a 


OF 
liste? 
Fret 


ing the war to detect enemy 


ment invented by the 
ond underground 
and for the location of enem) 
lery, is now being used by 
Mines, 


as a 


reau of 
Interior, 
ting miners who have beet 
Th 
the U1 


War al 


Department 
possible 
after a disaster 
was developed by 
engineers during the 
by the 
plans drawn by them 
Alan Leighten, 
of the bureau, who now 


used bureau acco} 


assista 
of these investigations, re] 


the 
sentially as 
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